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There was something formless and perfect
before the universe was born.
It is serene. Empty. Solitary.
Unchanging. Infinite. Eternally present.
It is the Mother of the universe.
For lack of a better name, I call it the Tao.
It flows through all things,
inside and outside, and returns
to the origin of all things.
The Tao is great.
The universe is great.
Earth is great.
Man is great.
These are the four great powers.
Man follows the earth.
Earth follows the universe.
The universe follows the Tao.
The Tao follows only itself.
Ta o  T e  c H i n G  2 5  -  l a o  T z u
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Let me entertain you
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abbreviations
cRP c-reactive protein
cVd cardiovascular disease
dna deoxyribonucleic acid
Hdl High density lipoprotein
Hne 4-hydroxy-2,3-trans-nonenal
icam-1 intercellular adhesion molecule-1
ldl low density lipoprotein
il interleukin
iκB inhibitor kappa B
lPs lipopolysaccharide
mcP-1 monocyte chemoatractant protein-1
mda malondialdehyde
nad+ nicotinamide adenine dinucleotide 
nadPH Reduced nicotinamide adenine dinucleotide phosphate
nfκB nuclear factor-kappa B
PKc Protein kinase c
Pufa Poly unsaturated fatty acid
Rns Reactive nitrogen species
Ros Reactive oxygen species
TBaRs Thiobarbituric acid reactive substances 
Tnf-α Tumor necrosis factor- alpha
Vcam-1 Vascular cell adhesion molecule-1
Vldl Very low density lipoprotein
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General introduction
cardiovascular diseases are a major cause of deaths worldwide. lifestyle factors such as un-
balance diets, work related stress and inactivity have been acknowledged to increase the risk
for developing cardiovascular diseases, cancer and osteoporosis. These disorders are featured
by persistent low grade inflammation. frequent consumption of fruits and vegetables seem
to protect against chronic inflammatory disorders. in the Western diet, tomato-fruits or
tomato products such as ketchup are regularly consumed. To substantiate the health benefit
of this fruit, the molecular mechanism involved needs to be elucidated. it is the primary goal
of nutritional research to determine the health benefits of nutrition. Therefore, this thesis
addresses to investigate the mechanisms underlying the potential health benefit of tomatoes
and tomato ketchup.
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aim and outline of this thesis
Chapter 2 gives an overview of the nutrient composition of tomatoes. in addition, an intro-
duction of the inflammatory process, its consequences and the scientific evidence of the ef-
fect of the main constituents in tomatoes on the inflammatory process has been reviewed. 
in chapter 3 cooperation between the isolated phytochemicals lycopene, ascorbic acid and
α-tocopherol are studied in two different models of processes involved in the inflammatory
response.
in chapter 4, the effect of isolated carotenoids (lycopene, β-carotene and lutein) and α-toco-
pherol on PKc activity is studied.
in chapter 5, the anti-inflammatory potential of tomato ketchup was examined in human
monocyte - endothelial cell interactions. separate reactions of inflammatory processes were
studied as well as an integrated process with a chemotaxis bioassay.
The promising results of the previous studies formed the basis to extent our research to 
investigate the functional effects of tomatoes in healthy human volunteers as described in
chapter 6. after a single consumption of tomato ketchup the blood of the volunteers was
collected and inflammatory challenged with (lPs), to determine the release of inflammatory
cytokines. The chemotaxis of monocytes was studied with a functional chemotaxis bioassay.
finally, in chapter 7 the findings of this thesis are discussed and complemented with recom-
mendations and future perspectives on the impact of tomatoes and tomato ketchup on health. 
Hazewindus DEF_MOL 2012  11-09-12  10:48  Pagina 14
The wise man is one who, knows, 
what he does not know.
Ta o  T e  c H i n G ,  l a o  T z u
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Tomatoes and inﬂammation: 
an overview
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2.1 Tomatoes and tomato products
Tomatoes are originated in south america and were spread by spanish conquistadors around
the world. The european cultivation of tomatoes started around 1540 in spain. although the
tomato was frequently consumed in the mediterranean countries, in Great Britain and north
america, tomatoes were thought to be poisonous. This idea existed since tomatoes are a
member of the deadly nightshade family. This opinion changed in the late 18th century and
tomatoes were more regularly consumed. nowadays the average annual fresh tomato con-
sumption is 18 kg per european and 8 kg per capita in the us (1, 2). Tomatoes form the base
of many products such soups, drinks and sauces, which has increased the popularity and the
daily intake of the fruit. it has been assumed that the most frequently consumed tomato
sauce in the Western world is tomato ketchup (2). fresh tomatoes and many tomato products
are considered to be healthy, which is supported by epidemiological and clinical studies (3-7).
data from these studies revealed that frequent consumption of tomatoes is associated with
a reduced risk for cardiovascular diseases (cVd) and cancer (7-11). 
2.1.1 The major phytochemicals in tomatoes
The health benefits of tomatoes are attributed to their substantial variety of phytochemicals,
including carotenoids, vitamins and minerals. Tomatoes contain B-vitamins and vitamin K (fig-
ure 1), and relative large quantities of the vitamins e (mainly α-tocopherol) and c (i.e. ascorbic
acid). Both vitamins e and c are generally known for their potent antioxidant activity (12-14),
whereas these compounds are also involved in other physiological processes. 
Vitamin c modulates apoptosis, cell signalling, inhibits cytokine production and promotes
proliferation of endothelial cells (14-19). The roles for the vitamin α-tocopherol include the
prevention of platelet aggregation and adhesion which in turn contributes to an improved
endothelial function (20, 21). α-Tocopherol also controls cellular processes such as differenti-
ation, proliferation and apoptosis and inhibits the enzyme glutathione s-transferase π, an iso-
form of the glutathione s-transferases (GsTs) (22, 23). in addition, it plays a central role in the
cholesterol metabolism (24, 25) and alters the gene transcription of activator protein-1 (aP-1)
which is responsible for the regulation of gene expression of cytokines and growth factors
(20, 25-27). 
The carotenoid lycopene is the main phytochemical in tomatoes, and it gives ripe tomatoes
their red color (28). in addition, other carotenoids, such as α- and β-carotene, lutein and zeax-
anthin, are found in tomatoes, although in minor quantities (figure 2). 
Hazewindus DEF_MOL 2012  11-09-12  10:48  Pagina 18
T
o
m
a
T
o
e
s
 a
n
d
 in
f
l
a
m
m
a
T
io
n
: a
n
 o
V
e
R
V
ie
W
1 9
25
Th
iam
in
Rib
ofl
av
in
Ni
ac
in
Fo
lat
e
Ch
oli
ne
20
15
10
Vitamins
A: Fresh tomatoes
%
 R
D
A
5
0
C E A K B6
    
25
Th
iam
in
Rib
ofl
av
in
Ni
ac
in
Fo
lat
e
Ch
oli
ne
20
15
10
Vitamins
B: Tomato ketchup
%
 R
D
A
5
0
C E A K B6
  
Vitamins
  
 
Th
iam
in
Rib
ofl
av
in
Ni
ac
in
Fo
lat
e
Ch
oli
ne
C: Tomato juice
C E A K B6
25
Th
iam
in
Rib
ofl
av
in
Ni
ac
in
Fo
lat
e
Ch
oli
ne
20
15
10
Vitamins
D: Tomato paste
5
0 C E A K B6
  
 
25
20
15
10%
 R
D
A
%
 R
D
A
5
0
Figure 1A-D. Vitamin content in fresh tomatoes, tomato ketchup, tomato juice and tomato paste
A: % RDA for vitamin C: 15% and vitamin E: 4%
B: % RDA for vitamin C: 18% and vitamin E: 10%
C: % RDA for vitamin C: 22% and vitamin E: 2%
D: % RDA for vitamin C: 12% and vitamin E: 13%
Data obtained from USDA database. Vitamin content in fresh tomatoes, ketchup, tomato juice and paste
and as percentage of the recommended daily allowance (RDA).
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Figure 2A-D. Carotenoid content in fresh tomatoes, tomato juice, tomato puree and tomato ketchup
A: Total carotenoids 32.46 mg/100g; Lycopene 79% (25.73 mg/100g)
B: Total carotenoids 17.27 mg/100g; Lycopene 97% (16.71 mg/100g)
C: Total carotenoids 9.37 mg/100g; Lycopene 96% (9.04 mg/100g)
D: Total carotenoids 22.06 mg/100g; Lycopene 99% (21.75 mg/100g)
Data obtained from USDA database. Total carotenoids: lycopene, α-carotene, β-carotene, lutein and 
zeaxanthin
Figure 3. The chemical structure of the most common lycopene isomers
Other carotenoids
21 % 
Other carotenoids
3 % 
Lycopene
21 % 
Lycopene
21 % 
A: Fresh tomatoes
C: Tomato juice D: Tomato paste
B: Tomato ketchup
Other carotenoids
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Other carotenoids
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Lycopene
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The most characteristic feature of lycopene is that it contains of a conjugated π-structure of
11 linear conjugated double bonds (figure 3) (3, 28). in fresh tomatoes lycopene is mainly found
in the all-trans conformation (80-97%), which is the thermodynamically most favourable form
(29). Processing of tomatoes into tomato products affects the chemical structure of lycopene.
Heating, cutting and also digestion in the Gi-tract can cause cis-isomerisation of lycopene.
in plasma and tissues, the 5-, 9-, 13-, and 15-cis isomers are the most common forms (30). 
The health benefits of lycopene range from hypocholesterolemic, cardioprotective and os-
teoporotic effects to anti-mutagenic activity and anti-cancer potential (31-37). Recently, the
focus has shifted to the anti-inflammatory effects of tomatoes and lycopene. several studies
have reported that lycopene extracted from tomatoes effectively inhibits the inflammatory
process in vitro and in vivo (38-41). However, the effect of tomato products (e.g. juice, paste,
sauce) on the inflammatory process is scarcely investigated. 
2.1.2 interaction of the main constituents in tomatoes
in contrast to nutrition, pharmaceuticals are predominantly compounds designed to specifi-
cally hit one target with a large effect. The wide array of bioactive compounds in tomatoes
have a relative subtle effect on a many cellular targets. furthermore, the effect of a bioactive
compound is not restricted to one target; it often induces a multitude of subtle effects that
are delicately spread over different targets of an intricate network of complex processes, such
as occurring in the process of inflammation. The subtle effects of phytochemicals might add
up to give a substantial beneficial overall health effect. moreover, different bioactives can in-
teract on the same or inter-connected targets that may result in additive or synergistic inter-
actions which further magnifies their impact. examples are the effective interaction of
lycopene β-carotene and α-tocopherol and the synergistic cooperation between ascorbic acid
and α-tocopherol in the protection against lipid peroxidation (42-45). 
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2.2 The inflammatory process
2.2.1 activation of the inflammatory process
inflammation is a defensive immune response to protect against (external) challenges, such
as infections, bacteria and tissue damage. damage to tissues can occur during physiological
reactions when reactive molecules are formed (46, 47). for instance, when oxygen is formed
in the oxidative phosphorylation, about 2% of this oxygen is not completely reduced to water,
but forms hydrogen peroxide or free radicals. free radicals are species capable of independent
existence that contains one or more unpaired electrons (48, 49). The unpaired electron(s) ren-
der these molecules to be very reactive. 
The partial reduction of oxygen gives rise to reactive oxygen species (Ros), including free
radicals and non-radicals. likewise, reactive nitrogen species (Rns) can be produced (50).
among these reactive species the hydroxyl radical is the most reactive one towards most bi-
ological substrates. 
Ros and Rns are formed in several physiological conditions to fulfil pivotal physiological
functions (51). for instance, the formation of Ros/Rns is key during the immune response in
which various phagocytic cells produce hypochlorous acid to kill invading agents (49, 52). How-
ever, due to their high reactivity, often Ros and Rns production leads to cellular damage. 
2.2.2 lipid peroxidation 
one of the most studied undesirable effects of Ros is lipid peroxidation (47, 53). lipid perox-
idation is an important process in the radical mediated injury to cells. cells contain a lipid bi-
layer that contains polyunsaturated fatty acids (Pufa’s). Pufa’s are prone to oxidation (figure
4). When a hydroxyl radical (•oH) is generated near membranes, it can abstract a hydrogen
atom from a Pufa (54). consequently, a lipid-radical is formed which undergoes molecular
rearrangement. subsequently, it reacts quickly with oxygen resulting in the formation of a
lipid peroxyl radical. These peroxyl radicals are reactive and attack adjacent Pufa by abstract-
ing an H-atom and forming a lipid hydroperoxide. simultaneously, a new lipid-radical is gen-
erated which propagates the chain reaction. Termination of this chain reaction occurs when
either Pufa’s or oxygen are completely consumed, when a relatively un-reactive radical is
formed, or when two radicals combine to form a non-radical pair (53). The products that are
formed during this process include 4-hydroxy-2, 3-trans-nonenal (Hne) and malonaldehyde
(mda). These products can be toxic: mda can damage dna and cause mutagenic lesions,
while Hne inhibits cell division and proliferation (53, 55). 
Hazewindus DEF_MOL 2012  11-09-12  10:48  Pagina 22
T
o
m
a
T
o
e
s
 a
n
d
 in
f
l
a
m
m
a
T
io
n
: a
n
 o
V
e
R
V
ie
W
2 3
Prone to lipid peroxidation are the transporters of cholesterol and fatty acids, e.g. low density
lipoproteins (ldl). ldl is oxidized when it becomes trapped in the vascular wall of the en-
dothelium (56). oxidized ldl damages tissues and progressively results in persistent low grade
inflammation highly associated with the development of atherosclerosis. in different lines of
research the protective effect against ldl oxidation of tomato products and lycopene has
been demonstrated, which is summarized in table 1. 
2.2.3 Protein kinase c
inflammation is a complex biological system consisting of a series of reactions, including cell-
signaling, gene expression, cytokine production and chemotaxis. chronic inflammation has
been related to a variety of pathological conditions, including, atherosclerosis, obesity, diabetes
and cancer. in many of the pathways involved activation of protein kinase c (PKc) is a critical
step (71-78). PKc is involved in a large variety of cell functions and signal transduction pathways
regulating cell migration and polarity, proliferation, differentiation and cell death (79, 80). PKc
consists of several isoforms that can be divided into 3 major groups based on their structural
characteristics and cofactor requirements. These include classical cPKc (α, βii ), novel nPKc
(δ) and atypical aPKc isoforms (73, 81). all PKc isoforms require phosphatidylserine, a compo-
nent of the phospholipid bilayer for their activation. classical PKc’s are calcium sensitive and
need calcium and diacylglycerol (daG) or phorbol esters for their activation. nPKc’s are calcium
independent but still need daG or phorbol esters to be activated, while the atypical PKc’s are
calcium independent and do not need daG or phorbol esters (73). 
R
Polyunsaturated
tatty acid (PUFA)
Lipid radical
Lipid hydroperoxide
Peroxyl radical
R R
RH O OOR R
R  + R
Intitiation
Propagation
Termination
1 
R R  + R1 R  + R1 
1 
R R1 
2 
1 
R R1 
R R1 
•
•
OO OOH•
•
Figure 4. Lipid peroxidation chain reaction
R, lipid; R•, lipid radical; RH, radical with the hydrogen atom; O2, oxygen.
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Table 1. The beneficial effect of lycopene and tomato based products against lipid peroxidation 
and LDL oxidation 
Animal studies 
Lycopene dose Animals Protection against Reference 
LPO LDLox
9.3 mg/100g mice ++ (57)
0.01 mg /d Rats ++++ (10)
15.8 mg /d Pigs ++++ (58)
15 mg /100g Rabbits + (59)
0.8 mg/10g3 Hamsters ++++a ++++ (60)
Intervention studies (healthy subjects)
Lycopene dose Subjects Protection against Reference 
Age n LPO LDLox
39-75 mg/d 25-40 19 ++b ++ (61)
37 mg/d >60 50 + ++ (62)
23-35 mg/d >40 60 + (63)
3.3 – 12 mg/d 22-38 12 ++ (64) 
3.3 – 12 mg/d 25 12 ++c (65) 
37 mg/d 29 22 0 0 (66)
21 mg/d 19-27 24 +d (67)
Clinical studies (patients) 
Lycopene dose Clinical status age n Protection against Reference
LPO         LDLox
15 mg/d Grade i hypertension 30-70 31 ++ (68) 
25 mg/d Grade i hypertension 35-55 40 ++e (69)
25 mg/d cVd diagnosed 35-55 40 ++e (70)
Effects presented for lipid peroxidation (LPO) are based on the decreased percentage thiobarbituric acid-
reacting substances (TBARS; nmol/ml) formation, and for LDL oxidation (LDLox) the increase of lag time
(minutes)of conjugated diene formation in isolated LDL after administration of fresh tomatoes1, dried
tomatoes2, tomato paste3, tomato extract4, tomato juice5, tomato soup6, tomato sauce7 or cooked tomatoes8.
+ Corresponds with 0-10%, ++ corresponds with 11-25%, +++ corresponds with 26-50%, ++++ corresponds
with 51-100% and 0 corresponds with no effect. 
a TBARS expressed as nmol/malondialdehyde (MDA) equivalents.
b TBARS expressed as nmol/mol LDL.
c TBARS expressed as ng/mg protein TBARS formation was measured in urine and expressed as nmol/mg
creatinine.
e Lipid peroxidation was expressed as the rate of MDA formation MDA nmol/h. 
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upon activation, PKc translocates to different cellular components. The specific structure
of the PKc isoform determines the interaction with cellular components such as the plasma
membrane, Golgi apparatus and cytoskeleton (78, 82, 83). This particular interaction is im-
portant for the functional outcome of the downstream pathway. for instance, cPKc-α and
βii are involved in activating inflammatory pathways, while the novel PKc isoform δ is in-
volved in apoptotic pathways.
azzi et al. revealed that one of the major tomato constituents, α-tocopherol, specifically in-
activates PKc-α by modulating its phosphorylation state (84). up to now, there are no data
available on the effect of carotenoids like lycopene, tomatoes and tomato products, respec-
tively on PKc activity. since PKc has become a promesing molecular target in the search and
development of new drugs for the treatment, e.g. vascular complications in obesity and dia-
betes, it would be worthwhile to investigate the effects of nutritional compounds in tomatoes
on PKc activity. 
2.2.4 cytokine production
an important inflammatory regulator is the transcription factor nuclear factor kappa B (nfκB)
(85, 86). nfκB is not only activated by PKc, but also by Ros. The activation of nfκB gives
rise to the expression of genes of pro- and anti-inflammatory cytokines and their subsequent
production (85). it has been postulated that lycopene extracted from tomatoes inhibits nfκB
activation in human macrophages, and in adipose tissue of mice (39, 40). anti-inflammatory
cytokines such as il-10, are produced to control inflammation (87), while pro-inflammatory
cytokines including tumor necrosis factor-alpha (Tnf-α), il-6 and il-8 amplify the inflamma-
tory response (87, 88). for example, the production of Tnf-α stimulates nfκB activity, il-8
stimulates the recruitment and migration of leukocytes, i.e. chemotaxis. lycopene extracted
from tomatoes reduced pro-inflammatory cytokines and stimulated the anti-inflammatory
cytokine il-10 in macrophages and adipocytes (40, 89, 90).
The reported effect of lycopene supplementation or tomato product consumption in healthy
humans on inflammatory biomarkers is not equivocal. Riso et al. indicated that a tomato drink
reduced Tnf-α production in healthy volunteers (96). The study of Jacob et al. showed a
small or no effect after supplementing tomato juice to healthy subjects (67). it should be
noted that it is difficult to identify an anti-inflammatory effect in healthy individuals that do
not have a (chronic) inflammation. another hurdle is that the qualitative and quantitative
composition of bioactives in tomato products may greatly vary. moreover on isolated bioac-
tive compounds poorly predict the health effect of mixtures, since all kind of interactions,
varying form antagonism to synergy, often take place.
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Table 2. Overview on in vitro studies that measured the effects of lycopene extracted from tomatoes against 
the release of inflammatory cytokines from different human cell types.
In vitro studies
Lycopene dose Cell type Effect Reference 
IL-8 TNF-α IL-10
2 µm Human macrophages ↓ ↓ - (91)
10 µm Human macrophages n/a - ↓ (92)
0.3-1.7 µm Human endothelial cells n/a - ↑ (93)
0.25-4 µm Human macrophages n/a ↑ ↓ (94)
0.5-2 µm Human macrophages ↓ n/a n/a (39)
0.25 µm Human monocytes n/a ↓ n/a (95)
PKC
MCP-1
Cytokines (TNF-α)
Chemokines (IL-8)
Chemotaxis
Damage
ROS
IKB
Recruitment monocytes
Expressions adhesion molecules
NF-KB
IKB P
NF-KB NF-KB
Figure 5. The process of chemotaxis
Reactive oxygen species (ROS), protein kinase C (PKC), inhibitor kappa B (IκB), nuclear factor kappa-B
(NFκB), tumor necrosis factor-alpha (TNF-α), monocyte chemotactic protein-1 (MCP-1).
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2.2.4 chemotaxis
chemotaxis is a process of the rectuitment inflammatory cells to the site of inflammation.
during vascular inflammation, the monocytes migrate through the vascular endothelium .The
recruitment involves several sequential interactions that consist of an integrated network of
inflammatory mediators. The activation of PKc and nfκB and the subsequent formation of
pro-inflammatory cytokines are key in chemotaxis. as a result of tissue damage, PKc becomes
activated which leads to the activation of nfκB. subsequently, nfκB stimulates the produc-
tion of Tnf-α and il-8, cytokines that are involved in the recruitment of monocytes to the
inflamed site. chemotaxis refers to the interaction between the vascular endothelium and
monocytes resulting in the migration of monocytes through the endothelium (97, 98). mono-
cyte recruitment is facilitated by a concentration gradient of chemotactic factors (e.g. il-8
and monocyte chemotactic protein-1 (mcP-1)) released at the inflamed site by the endothe-
lium (figure 5).
consequently, the endothelium expresses adhesion molecules (e.g. inter cellular adhesion mol-
ecule-1 (icam-1), vascular cell adhesion molecule-1 (Vcam-1), e-selecetin), to which monocytes
firmly adhere and subsequently migrate through the vascular wall (figure 6) (93, 99). The mi-
gration of monocytes into the vascular endothelium is a crucial step in the development of
atherosclerosis (98, 100). it has been reported that lycopene extracted from tomatoes signifi-
cantly reduced various chemotaxis related biomarkers, including, il-8 and icam-1 (39, 101, 102).
Thus far, there is no data available on the effect of tomato products on markers of chemotaxis. 
2.2.5 consequences of chronic inflammation
Persistent low grade inflammation and high levels of Ros contribute to the development of
many disorders, such as cardiovascular diseases (cVd), cancer and osteoporosis. cVd includ-
ing atherosclerosis and hypertension are a major health concern. There is growing evidence
that a diet rich in carotenoids i.e. tomatoes protect against cVd (3, 37, 38). Recently, it was
demonstrated that processed tomatoes attenuated ldl oxidation induced by high fat meals
in healthy humans (103). oxidized ldl is a common feature in the development of athero-
sclerosis and hypertension (98, 104, 105). 
Hypertension is a condition that is often initiated by an increased production of Ros in the
endothelium of the vasculature (106). in turn, Ros signal inflammatory mediators such as
PKc and nfκB that activate the inflammatory process (107). it is generally accepted that hy-
pertension is associated with an increased risk for myocardial infarction, heart failure and
stroke (108). High intake of fruits and vegetables have been related to a decreased blood pres-
sure (109). in fact, lycopene supplementation effectively reduces blood pressure (33, 68, 69).
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There is limited data on the effects of tomato supplementation on hypertension (110). it was
found that 5 wk supplementation with quercetin enriched tomatoes effectively protects the
development of hypertension in spontaneously hypertensive rats (unpublished data (111)).
Paran and co-workers (33) observed that six weeks supplementation with a tomato extract
effectively reduced arterial blood pressure in moderate hypertensive patients with uncon-
trolled blood pressure. However, it remains worthwhile to shed more light on the anti-hyper-
tensive potential of whole tomatoes or tomato product intake. 
chronic inflammation and high levels of Ros are also a critical component of tumor progres-
sion. many cancers arise from sites of infection, chronic irritation and inflammation (51). Toma-
toes have a pronounced potential to attenuate carcinogenesis (3, 112-114). The chemopreventive
properties of tomatoes are rendered by the interaction between its bioactive compounds ly-
copene, phytoene and β-carotene (115). 
osteoporosis is a bone disease that occurs primarily among post-menopause women (116).
Typically, in osteoporotic patients high levels of Ros and persistent low grade inflammation
are observed (116). clinical data have postulated that tomatoes have a beneficial effect to
bone health (117). The molecular and cellular mechanisms of tomatoes on osteoporosis are
not clear. However, there are some implications that point at the antioxidant activity of toma-
toes that might be responsible for the beneficial effects (118, 119). 
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2.3 conclusion
Tomatoes contain a wide variety of bioactive compounds, among others the carotenoid ly-
copene and the vitamins ascorbic acid and α-tocopherol. in isolation, these bioactives have a
protective potential against inflammation. each bioactive compound has a unique biochemical
profile that that is reflected in the diversity of the molecular mechanism involved in their po-
tential health effect. This diversity forms the fundament of the cooperation observed in mix-
tures of different bioactive compounds and comprises additive as well as synergistic effects
on similar and different molecular targets. due to this interplay, the myriad of subtle effects
of various phytochemicals are integrated to produce the observed health effects of tomatoes.
elucidation of the molecular mechanisms involved in activity and interaction of different
bioactive compounds in tomatoes is needed to substantiate the health claims. ultimately, it
can be used to optimize the potential health effect. 
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Knowing others is wisdom;
Knowing the self is enlightenment.
Mastering others requires force;
Mastering the self requires strength;
He who knows he has enough is rich.
Perseverance is a sign of will power. 
l a o  T z u ,  Ta o  T e  c H i n G
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The anti-inﬂammatory eﬀe
of lycopene complements the
antioxidant aion of ascorbic
acid and α-tocopherol
merel Hazewindus
Guido R.m.m. Haenen
antje R. Weseler
aalt Bast
nutrim school for nutrition, Toxicology and metabolism, maastricht university medical centre (mumc+), 
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abstract
Tomato foods contain bioactive compounds, such as lycopene, ascorbic acid and α-toco-
pherol, which are assumed to show synergistic effects. The aim of the study was to investigate
this presumed synergy. The effect on lipid peroxidation and inflammation was assessed. lipid
peroxidation was effectively inhibited by combinations of the compounds compared to the
single compounds. synergy between the combination of ascorbic acid and α-tocopherol was
confirmed. lycopene on its own effectively reduced inflammation by inhibiting the release of
Tnf-α and stimulating il-10 production. The combination of lycopene, ascorbic acid and α-
tocopherol tended to display a synergistic interaction on il-10 production. our observations
highlight that lycopene mitigates inflammation, whereas ascorbic acid and α-tocopherol ef-
ficiently protect against lipid peroxidation. Both activities are complementary since they di-
minish the process of inflammation differently on different levels. in relation to health, this is
an added value of fruit and vegetables such as tomato products that contain complementary
bio-active compounds. 
Keywords
Tomato, lycopene, inflammation, synergy, complementary, ascorbic acid, alpha-tocopherol
Hazewindus DEF_MOL 2012  11-09-12  10:48  Pagina 40
T
H
e
 a
n
T
i-
in
f
l
a
m
m
a
T
o
R
Y
 e
f
f
e
c
T
 o
f
 l
Y
c
o
P
e
n
e
 c
o
m
P
l
e
m
e
n
T
s
 T
H
e
 a
n
T
io
X
id
a
n
T
a
c
T
io
n
 o
f
 a
s
c
o
R
B
ic
 a
c
id
 a
n
d
 α
-
T
o
c
o
P
H
e
R
o
l
4 1
3.1 introduction
it is generally known that consumption of tomatoes and tomato products are healthy. clinical
studies have shown that a tomato-rich diet decreases the incidence of chronic inflammatory
related diseases, such as coronary heart disease and certain types of cancers (1-5). chronic in-
flammation is a complex biological process, involving different pathophysiological processes
such as radical formation and cytokine production (6, 7). Tomato foods contain bioactive com-
pounds that have a protective effect against inflammation (8-10). The most abundant com-
pounds in tomatoes are lycopene, ascorbic acid and α-tocopherol (11). it has been observed
that lycopene, ascorbic acid and α-tocopherol in isolation, inhibit the inflammatory cascade
in cultured cells (12-14). evidence is accumulating that these compounds also show synergistic
effects. Together these compounds form an intricate network that is suggested to be respon-
sible for the observed health effects (15-18). a well known example is the synergistic interaction
between ascorbic acid and α-tocopherol during the process of lipid peroxidation (19). an in-
terplay of bioactive compounds in other biological processes, for instance inflammation, has
not been demonstrated. for example, research on the interaction between the prominent
compounds in tomatoes is lacking. This prompted us to determine the effect of the main con-
stituents in tomatoes, lycopene, ascorbic acid and α-tocopherol on inflammation, with the
central focus on their synergy. 
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3.2 materials and methods
3.2.1 chemicals
l-α-phosphatidylcholine, ascorbic acid, α-tocopherol, 2-thiobarbituric acid (TBa), trichloro -
acetic acid (Tca), hydrochloric acid (Hcl), butylated hydroxytoluene (BHT), ethanol, bovine
serum albumin (Bsa) and lipopolysaccharide (lPs; escherichia coli 0.26:B6) were purchased
from sigma chemical co. (st. louis, mo, usa). lycopene was supplied by extrasynthese
(lyon nord, france). RPmi-1640 medium containing l-glutamine was obtained from Gibco
(Paisley, united Kingdom). Human Tnf-α (7300 pg/ml) and human il-10 (4000 pg/ml) were
acquired from clB/sanquin (amsterdam, The netherlands). 2,2'-azobis (2,4-dimehylvaleroni-
trile (amVn) was purchased from cayman chemical company (michigan, usa). all other
chemicals were of analytical grade. 
3.2.2 lipid peroxidation 
Liposome preparation and incubation
liposome preparations were prepared in the dark. appropriate amounts of l-α-phosphatidyl-
choline, lycopene and α-tocopherol were dissolved in chloroform and the desired volume was
transferred to a glass test tube and evaporated under a nitrogen stream until a thin film of lipids
remained. The lipid film was dissolved in sodium phosphate buffer (PBs; 100mm; pH 7.4) to
obtain a final concentration of 7.5 mg phospholipid/ml, and passed through a polycarbonate
membrane with 2 µm pore size (anotop, Whatman). 50 µm ascorbic acid, dissolved in PBs, was
added to the liposomes and the incubation mixture was kept in the dark in a water bath (37˚c)
under constant shaking for 45 min. lipid peroxidation was initiated by 10mm amVn dissolved
in ethanol; the final concentration of ethanol in the incubation mixture was 1%. 
Measurement of thiobarbituric acid-reactive substances (TBARS)
lipid peroxidation products were measured by the thiobarbituric acid (TBa) assay (Haenen
en Bast 1983), with minor modifications. 0.1% BHT was added to the samples before boiling
to prevent formation of TBa-reactive products. The absorbance of the TBa complex was
measured at 535 nm and 600 nm against a blank that contained all the reagents except the
sample. a calibration curve was made to calculate the quantity malondialdehyde (mda)
nmol/mg phospholipid in the samples. none of the tested compounds interfered with the
absorbance of the TBa assay (data not shown). 
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3.2.3 Whole blood cytokine production assay
Preparation of the antioxidants 
lycopene and α-tocopherol were dissolved in tetrahydrofuran (THf) and diluted in Bsa to
obtain a final concentration of 0.04% THf. final concentrations of lycopene and α-tocopherol
as single compounds were 1 µm and 0.1 µm respectively. ascorbic acid was dissolved PBs to
obtain a final concentration of 50 µm. 
Whole blood assay
The whole blood assay was performed according to the method of swennen et al. (20), with
minor modifications. The advantage is that the utilized whole blood model closely resembles
the in vivo situation and forms an appropriate and reproducible culture condition to measure
cytokine production ex vivo. in diluted whole blood, the natural cell-to-cell interactions are
preserved and all blood components are present in in vivo ratios. Therefore, this system is a
good reflection of the physiological condition (21). freshly collected blood was aliquoted in
24-well sterile plates and diluted 1:4 with RPmi 1640 (supplemented with l-glutamine). ap-
propriate amounts of antioxidants to the whole blood were added and incubated in the dark.
To induce cytokine production lPs (10ng/ml) was added to the whole blood. The plates were
incubated in 5% co2 at 37˚c for 6h. cell-free supernatant were collected by centrifugation
(6000 rpm, 10min at 4˚c) and stored at -20˚c until further quantification of cytokine (Tnf-
α and il-10) concentration. 
Enzyme linked immune sorbent assay (ELISA)
all cytokines were quantified using PeliKine compact human elisa kits (clB/sanquin, The
netherlands) in accordance with the manufacturer’s instructions. cytokine production was
related to that of the control incubation without antioxidants. The interference of lycopene,
Bsa and THf were analysed before the assay was performed and did not show any influence
on the in-vitro lPs-induced cytokine production (data not shown). 
3.2.4 statistics
The effect of antioxidants (either alone or in combination) on lipid peroxidation and cytokine
production were compared to the control samples (containing no antioxidants) and the mix-
ture containing lycopene, ascorbic acid and α-tocopherol by using one-way anoVa corrected
with the Bonferroni test. The mann-Whitney u test was used for samples which were not
normally distributed. Two-tailed P values of 0.05 or less were considered statistically signifi-
cant. all statistical analyses were performed with sPss 15.0 for windows. Results are reported
as mean ± sem.
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3.3 Results
3.3.1 lipid peroxidation
lycopene, ascorbic acid and α-tocopherol, in isolation, induced a lag time in the onset of lipid
peroxidation in liposomes (figure 1). lycopene was less potent compared to ascorbic acid and
α-tocopherol. any combination was more effective than the isolated compounds, except for
the combination of lycopene and α-tocopherol. also in the combination, the role of lycopene
as an antioxidant appeared to be limited. in agreement with other studies, the combination
of ascorbic acid and α-tocopherol clearly showed a synergistic interaction. 
3.3.2 inflammation 
ascorbic acid and α-tocopherol neither in isolation nor as combination, did not inhibit inflam-
mation. in fact, these compounds displayed a pro-inflammatory effect evidenced by the in-
creased Tnf-α production. lycopene on its own effectively reduced inflammation and
inhibited the production of Tnf-α (figure 2). 
neither ascorbic acid nor α-tocopherol potentiated or reduced the anti-inflammatory effect
of lycopene on Tnf-α production. lycopene in isolation stimulated the release of the anti-
inflammatory cytokine il-10 (figure 3).
il-10 release effectively increased by any combination that contained lycopene. moreover,
the combination of lycopene, ascorbic acid and α-tocopherol tended to display a synergistic
interaction on il-10. 
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Figure 3
The effect of lycopene (1μM), ascorbic acid (50 μM) and α-tocopherol (0.1 μM) as separate compounds and
in combinations on LPS induced IL-10 production in human blood after 6 hours. Data are presented as mean
± SEM of 4 triplicates and related to the control (LPS only); * significantly higher than the control P≤ 0.05.
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Figure 2
The effect of lycopene (1μM), ascorbic acid (50 μM) and α-tocopherol (0.1 μM) as separate compounds and in
combinations on LPS induced TNF-α production in human plasma after 6 hours. Data are presented as mean
± SEM of 4 triplicates and related to the control (LPS only); * significantly lower than the control P≤ 0.05. 
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Figure 1
The lag time of lycopene (1 μM), ascorbic acid (50 μM) and α-tocopherol (0.1 μM) as separate compounds
and in combinations on lipid peroxidation induced by AMVN in liposomes. Results are presented as mean
values and SEM of eight triplicate experiments. Tri-colored bars represent the protection by the separate
compounds which were summed. The black bars represent the protection by the combinations of com-
pounds. * Significant effect between the sum of the lag time induced by the compounds tested in isolation
compared to the lag time induced by the combination (P≤ 0.01). 
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3.4 discussion 
The inflammatory response is a multifaceted biological process involving for instance the for-
mation of reactive oxygen species (Ros), the production of pro- and anti- inflammatory cy-
tokines, and up-regulation of transcription factors and adhesion molecules (6, 7). for example,
Ros production results in the process of lipid peroxidation. consequently, this process initi-
ates the inflammation process which in turn produces Ros (figure 4). Ros also directly acti-
vates the inflammatory response through activating pro-inflammatory transcription factors.
if lipid peroxidation and inflammation are not properly restrained by physiological self-limiting
systems, chronic inflammation is the result. 
Bioactive compounds can block inflammatory signaling cascades on different levels, i.e. indi-
rectly by compounds that inhibit lipid peroxidation or directly by compounds that act on pro-
inflammatory transcription factors (6). The different actions of these compounds interrupt
the self-amplification of the inflammation process.
in this study, lipid peroxidation was effectively inhibited by the combination of ascorbic acid
and α-tocopherol. The observed synergistic cooperation is caused by the well documented
direct chemical interaction between these compounds. during lipid peroxidation, α-toco-
pherol scavenges free radicals, that are produced within the lipid membrane, and is oxidized
to produce the α-tocopheroxyl radical (22). The α-tocopheroxyl radical is scavenged by ascor-
bic acid which serves as a radical sink in the water phase. The direct chemical reaction be-
tween ascorbic acid and α-tocopherol in which electrons are transferred from one molecule
to the other, is responsible for the synergy (18). 
as in lipid peroxidation, synergy between compounds was also observed during inhibition of
the inflammation process (figure 3). However, a direct interaction between inhibitors as in
lipid peroxidation is not feasible during inflammation. chemical transfer of electrons between
compounds does not occur during the inflammatory response. Bioactive compounds inhibit
inflammation mainly by modifying inflammatory signaling cascades or inflammatory tran-
scription factors (23-25). Therefore, interactions between compounds during inflammation
will not be as direct as those observed during lipid peroxidation. in the present study, lycopene
effectively stimulated the anti-inflammatory cytokine il-10 and inhibited the release of the
pro-inflammatory cytokine Tnf-α. it has been observed that lycopene inhibits the production
of pro-inflammatory cytokines by reducing the activation of nuclear factor- kappa B (nf-κB),
an important transcription factor involved in the inflammation (26). our observations highlight
that lycopene is a compound that mitigates inflammation; the anti-inflammatory effects of
lycopene exceed its antioxidant potential. interestingly, clinical studies demonstrated that
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the anti-inflammatory effect of tomato products are superior to that of lycopene as a single
compound (27-30). 
The combination of ascorbic acid and α-tocopherol which efficiently protects against lipid
peroxidation, is complementary to the anti-inflammatory effect of lycopene (figure 4). Because
these compounds act on different levels within the inflammation process, the protective po-
tential against inflammation is amplified. The resultant is a synergistic effect of these com-
pounds at a higher integrated level. in relation to health, this is an added value of fruit and
vegetables such as tomato products that contain complementary bio-active compounds. 
Figure 4. The complementary effect of lycopene ascorbic acid and α-tocopherol
ROS can cause lipid peroxidation, and when this process is not inhibited, the ROS production continues and
can initiate the inflammation process. ROS can also directly activate inflammation by stimulating inflam-
matory transcription factors. During inflammation ROS are as well produced. These ROS promote further
amplification of the multi-faceted process. This process is interrupted by a combination of lycopene, ascorbic
acid and α-tocopherol. These bioactive compounds have complementary activities that mitigates the in-
flammatory process in a different way on a different level. Lycopene blocks the inflammation process, and
the combination of ascorbic acid and α-tocopherol block lipid peroxidation. 
Ascorbic acid
α-Tocopherol
Lycopene
Lipid peroxidation
Inflammation
ROS
Transcription factors
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abstract 
Tomatoes have been associated to reduce chronic inflammation. important constituents in
tomatoes that display an anti-inflammatory potential are α-tocopherol, lycopene, β-carotene
and lutein. The enzyme protein kinase c (PKc) is involved in the downstream activation of
the inflammatory process. in this study the capability of α-tocopherol to in-activate the PKc
isoforms α, βii and δ, was investigated. α-Tocopherol effectively inhibited PKc-α, βii and δ.
furthermore, the mode of action of the carotenoids lycopene, β-carotene and lutein on acti-
vation of these PKc-isoforms was studied. These carotenoids inhibited PKc-α, PKc-βii and
PKc-δ activity in the same order of magnitude as α-tocopherol. This anti-inflammatory po-
tency was corroborated by the reduction of PKc activity by α-tocopherol, lycopene, β-
carotene and lutein in cultured endothelial cells.
The inhibitory effect on several PKc-isoforms demonstrates the multi-faceted role of α-to-
copherol, lycopene, β-carotene and lutein in the inflammatory response and highlights the
potential health benefits of these phytochemicals. 
Keywords
inflammation, lycopene, α-tocopherol, tomatoes, protein kinase c-isoforms 
abbreviations
Protein kinase c (PKc); nuclear transcription factor kappa B (nf-κB)
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4.1 introduction
conditions such as type ii diabetes, hypertension and atherosclerosis are characterized by a
low-grade systemic inflammation (1, 2). it is generally accepted that consumption of fruits
and vegetables has the potency to mitigate chronic inflammation (3-5). Tomatoes have been
found to mitigate the inflammatory process (6). The carotenoid lycopene, abundantly found
in tomato products, appears to provide a major contribution to this anti-inflammatory effect
(6-8). 
The inflammatory process is initiated by several inflammatory mediators, of which the tran-
scription factor nuclear factor-kappa B (nf-κB) plays a major role (9). nf-κB is activated when
its inhibitor protein iκB, is phosphorylated by kinases (10, 11). it is known that the enzyme
protein kinase c (PKc) regulates the downstream pathway of nf-κB activation (10, 12). There
is evidence that α-tocopherol as well as carotenoids inhibit nf-κB activation (8, 13). for α-
tocopherol it has been demonstrated that inactivation of PKc-α by modulating its phospho-
rylation state prevents nf-κB activation, which results in an anti-inflammatory effect (14).
Beside PKc-α also other isoforms of PKc, i.e. βii and δ, are active in controlling the nf-κB
pathway (15, 16). This prompted us to examine the potency of α-tocopherol to inhibit PKc-
βii and -δ. moreover, the carotenoids lycopene, β-carotene and lutein were studied, to reveal
the potential role of inactivation of these PKc-isoenzymes in their anti-inflammatory mode
of action. 
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4.2 materials and methods 
4.2.1 materials
β-carotene and α-tocopherol were purchased from sigma chemical co. (Germany). lycopene
and lutein were supplied by extrasynthese (france). a selective PKc inhibitor (s)-2,6-diamino-
n-{[1’-(1’’-oxotridecyl)-2’-piperidinyl]methyl}hexanamide 2Hcl, PKc kinase activity kit, recom-
binant (GsT-tag) active human PKc-α, PKc-β ii and PKc-δ were purchased from enzo life
sciences (usa). all other chemicals were of analytical grade.
4.2.2 measurement PKc isoforms
PKc activity of different PKc isoforms were analysed with a PKc activity kit (enzo life sci-
ences, usa). The inhibitors, lycopene, β-carotene, lutein and α-tocopherol were dissolved in
chloroform, evaporated under a nitrogen stream and dissolved to a final concentration of 5
µm. The synthetic PKc inhibitor (s)-2,6-diamino-n-{[1’-(1’’-oxotridecyl)-2’-piperidinyl]methyl}
hexanamide 2Hcl (ncP) (50 µm) was used as a control. Human active PKc isoforms were di-
luted to a final concentration of 150 ng/ml. The assay was performed as described in the man-
ufacturer’s instructions. 
4.2.3 cell culture
immortalized human umbilical vein cells (cRl 1730; american Type cell culture, usa) were
cultured in f12K medium (Gibco, uK) containing 10 % heat activated fetal calf serum fcs
(Gibco, uK), 100 units/ml penicillin (Gibco, uK), 100 µg/ml streptomycine (Gibco, uK), 20 mg
endothelial cell growth supplement (Bd Biosciences,uK) and 5ml heparin (leo pharma, Bel-
gium). lycopene, β-carotene, lutein and α-tocopherol were dissolved in chloroform, evapo-
rated under a nitrogen stream and dissolved in 5 µl tetrahydrofuran , 5 µl fcs and 990 µl f12K
medium. The final concentrations of lycopene, β-carotene, lutein and α-tocopherol was 5 µm.
HuVec’s were grown to 90 % confluence in 6-wells plates, the cells were washed with HBss
(Gibco, uK) and pre-treated for 1 h lycopene, β-caroten, lutein and α-tocopherol. The cells
were washed and challenged with Pma (100 nm) and subsequently lysed and the protein con-
tent was determined with the Bsa method (Biorad, Germany), the cell fractions were stored
at -80 °c until further analyses were performed. controls were incubated with solvent only. 
4.2.4 PKc activity in cells
PKc activity in cytosolic fractions of HuVec was determined with a PKc kinase activity kit
(enzo life sciences, usa). The final concentrations of lycopene, β-carotene, lutein and α-
tocopherol was 5 µm. The PKc inhibitor (s)-2,6-diamino-n-{[1’-(1’’-oxotridecyl)-2’-piperidinyl]
methyl}hexanamide 2Hcl (50 µm) was used as a control. The assay was performed as de-
scribed in the manufacturer’s instructions. 
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4.2.5 statistics
all experiments were performed at least in triplicate and data are presented as mean ± sd.
The statistical significance of the difference between the effect of the test-compounds were
compared to the control samples (containing no inhibitors). statistical analysis was carried
out using a student’s t-test or for samples which were not normally distributed, the mann-
Whitney u test. P-values ≤ 0.05 were considered statistically significant.
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4.3 Results
4.3.1 inhibition of PKc isoforms
The inhibitory effect of 5 µm α-tocopherol on PKc-α activity was 95 ± 5 %. α-Tocopherol re-
duced the activity of PKc-βii and PKc-δ by 56 ± 2% and 72 ± 2%, respectively.
The carotenoids lycopene, β-carotene and lutein (5 µm) effectively inhibited PKc-α activity
with 83 to 87 %. The inhibition of PKc-βii and PKc-δ by the tested phytochemicals ranged
from 57 to 78 % (figure 1).
4.3.2 inhibition of PKc activity in HuVec
α-Tocopherol reduced significantly PKc activity in HuVec by 63 ± 2 %.
The carotenoids lycopene, β-carotene and lutein also effectively reduced PKc activity in these cul-
tured endothelial cells. The inhibition was 52 ± 2 %, 48 ± 4 % and 74 ± 2 %, respectively (figure 2).
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Figure 1. Inhibition of the PKC isoforms PKC-α, -βII and –δ, by α-tocopherol and the carotenoids lycopene,
β-caroten and lutein
The final concentration of the phytochemicals was 5 μM. The synthetic inhibitor NCP was used as positive
control. Data are related to the control (without inhibitor) and presented as mean ± S.D. of 3 triplicates; all
inhibitors had an effect that was significantly different (p ≤ 0.05) from the control (without inhibitor).
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Figure 2. Inhibition of PKC activity in cultured endothelial cells by α-tocopherol and the carotenoids lycopene,
β-caroten and lutein.
HUVEC were pre-treated with the compounds for 1h with a final concentration of 5 μM. Cell lysates were
analyzed for PKC activity. The synthetic inhibitor NCP was used as positive control. Data are related to the
control (without inhibitor) and presented as mean ± S.D. of 3 triplicates; all inhibitors had an effect that was
significantly different (p ≤ 0.05) from the control (without inhibitor).
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4.4 discussion
Protein kinase c plays an important role in the onset of the inflammatory process (figure 3)
(15, 16). Besides PKc-α, the βii and δ isoforms of PKc are upstream of the activation of nf-
κB, which is a pivotal event in the inflammatory process. (17, 18). Both PKc-α and βii have
been directly linked to the activation of nf-κB (17, 19-21). PKc-βii can control nf-κB activation
through selective regulation of the iκB kinase (21). although PKc-δ is reported to delay the
translocation of nf-κB to the nucleus, (17) the overall effect of this PKc isoform is pro-in-
flammatory (22-24). in general, inhibition of PKc activity reduces inflammation (25). 
azzi and co-workers have extensively shown that α-tocopherol inhibits PKc-α (13, 14, 26),
which is implicated in the anti-inflammatory effect of this phytochemical. The principal aim
of the study was to investigate the inhibitory potential of α-tocopherol and several
carotenoids on PKc isoforms involved in inflammation. 
Figure 3. The role of PKC in the process of inflammation
Pro-inflammatory stimuli such as reactive oxygen species (ROS), diacylglycerol (DAG) or the pro-inflammatory
cytokine tumor necrosis factor-alpha (TNF-α) that damage tissues and cells, trigger the activation of PKC.
Subsequently, PKC-α and βII initiate the phosphorylation of IκB which causes the release and activation of
NF-κB. Activated NF-κB translokates to the nucleus where it starts gene expression and production of in-
flammatory mediators such as cytokines and chemokines that results in chemotaxis and in turn activate PKC.
Cytokines (TNF-a)
Chemokines (IL-8)
Chemotaxis
PKC-βII
PKC-αDamage
ROS
IκB IκB P
NF-κB NF-κB NF-κB
PKC-δ
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in accordance with previous studies, α-tocopherol appeared to be a potent inhibitor of PKc-
α (14, 27, 28). in addition, α-tocopherol efficiently inhibited PKc-βii and PKc-δ. These results
indicate that in the anti-inflammatory effect of α-tocopherol, besides the inhibition of PKc-
α, also the inhibition of PKc-βii and PKc-δ is of relevance. The inhibitory effect on several
isoforms demonstrates the versatile role of α-tocopherol in the inflammatory response which
boosts its biological importance. although the effect on an isolated isoform might be relatively
small, the combined effect of α-tocopherol on various isoforms will add up to give a more
substantial inhibition of PKc. This anti-inflammatory potency was corroborated by the re-
duction of PKc activity by α-tocopherol in cultured endothelial cells.
another principal that underlines the impact of nutrition on health is that different phyto-
chemicals may act on the same target. The present study showed that lycopene, β-carotene
as well as lutein effectively inhibited PKc-α, PKc-βii and PKc-δ activity in the same order of
magnitude as α-tocopherol (figure 1). in line with this finding, all these phytochemicals were
also approximately equipotent as α-tocopherol in reducing PKc activity in cultured endothelial
cells (figure 2). 
apparently, the biological effect of the tested carotenoids and that of α-tocopherol on PKc
overlaps. This overlap in PKc inhibition indicates that a combination of these phytochemicals,
that are abundantly found in fruits and vegetables, has a higher anti-inflammatory potential
than one of the constituting phytochemicals in isolation. an example of such an interplay be-
tween phytochemicals was recently observed in an anti-inflammatory effect of tomato
ketchup which contains relatively large quantities of lycopene and α-tocopherol. Tomato
ketchup reduced chemotaxis much more effectively than lycopene or α-tocopherol (6). This
points to a concerted action of the phytochemicals in ketchup on the same or inter-connected
targets which may result in additive or synergistic anti-inflammatory effects. moreover, this
is of relevance in the health benefit of fruits and vegetables in chronic deceases characterized
by a low-grade systemic inflammation. 
in conclusion, the present study highlights not only the inhibition of PKc-α, but also that of
the βii and δ isoforms of PKc in the potential health effect of α-tocopherol as well as that of
lycopene, β-carotene and lutein. 
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Insanity: doing the same thing 
over and over again and expecting 
different results.
e i n s T e i n
Hazewindus DEF_MOL 2012  11-09-12  10:48  Pagina 65
Hazewindus DEF_MOL 2012  11-09-12  10:48  Pagina 66
c H a P T e R  5
Proteion againﬆ chemo-
taxis in the anti-inﬂammatory
eﬀe of tomato ketchup
merel Hazewindus
Guido R.m.m. Haenen
antje R. Weseler
aalt Bast
nutrim school for nutrition, Toxicology and metabolism, maastricht university medical centre (mumc+), 
Po box 616, 6200 md maastricht, The netherlands, m.hazewindus@maastrichtuniversity.nl
Hazewindus DEF_MOL 2012  11-09-12  10:48  Pagina 67
c
H
a
P
T
e
R
 5
6 8
abstract
The consumption of tomato products has been associated with a decreased risk for chronic
inflammatory diseases. in this study, the anti-inflammatory potential of tomato ketchup was
investigated by studying its effect on the human monocyte-vascular endothelial cell inter -
action. The quantification of gene expression inflammatory mediators were assayed with RT-
PcR and elisa. chemotaxis was investigated in a monocyte migration assay.
our experiments showed that tomato ketchup extracts significantly reduced gene expression
and release of the pro-inflammatory cytokines Tnf-α and il-8 in lipopolysaccharide-stimu-
lated HuVecs, whereas the release of the anti-inflammatory cytokine il-10 was increased.
chemotaxis was effectively impeded via inhibition of gene expression of the adhesion mole-
cules e-selectin and icam-1 and monocyte migration. The results consistently emphasize the
contribution of lycopene to the anti-inflammatory effect of tomato ketchup. other com-
pounds in tomato ketchup such as α-tocopherol and ascorbic acid appeared to strengthen
the anti-inflammatory effect of lycopene. 
Tomato ketchup subtly interfered with several inflammatory phases that become integrated
in a clear inhibitory effect on chemotaxis. such a pleotropic mode of action can especially be
effective in mitigation of diseases characterized with prolonged by low grade inflammation.
abbreviations
icam-1: intercellular adhesion molecule-1; iκB: inhibitor protein kappa B; il: interleukin; ifn:
interferon; mcP-1: monocyte chemotactic protein-1; nfκB: nuclear factor kappa B; Tnf-α:
tumor necrosis factor alpha
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5.1 introduction
The consumption of tomatoes and tomato products is inversely associated with the risk for
the development of inflammatory related diseases, such as atherosclerosis (1,2). The underly-
ing pathology of these diseases is characterized by prolonged and low grade inflammation
that ultimately leads to tissue damage and dysfunction (3). 
inflammation is a complex biological process that consists of a cascade of sequential reactions
in which the inflammatory signal is amplified. The process is initiated by the activation of nu-
clear transcription factors such as nuclear factor kappa B (nfκB), triggered by e.g. intrusion
of bacteria or tissue damage. nfκB activation promotes the expression of several pro-inflam-
matory genes and the subsequent production and release of cytokines (4). 
cytokines are signaling molecules that mostly have a pro-inflammatory action (e.g. Tnf-α,
il-6, ifn-γ) or act as chemokines (e.g. monocyte chemotactic protein-1 (mcP-1), il-8). an im-
portant pro-inflammatory cytokine is Tnf-α, which triggers a positive feedback loop during
inflammation by activating nfκB. some cytokines display anti-inflammatory activity (e.g. il-
4, il-10, il-13) (5, 6). anti-inflammatory cytokines restrain excessive amplification of the in-
flammatory process via a negative control. chemokines, which are important for the
recruitment of monocytes from the circulation to the site of inflammation. in this process,
referred to as chemotaxis, the concentration gradient of the chemokine il-8 is known to be
of importance (7, 8). 
an essential feature of chemotaxis is the up-regulation of adhesion molecules such as e-se-
lectin and intercellular adhesion molecule-1 (icam-1) that are expressed on endothelial cells
(9). Receptors on the monocytes firmly adhere to these adhesion molecules, causing the
monocytes to transmigrate through the endothelium. This migration is accompanied by dif-
ferentiation of the monocytes into macrophages that phagocytose cell debris and bacteria.
chemotaxis leads to the accumulation of monocytes and macrophages in the vascular en-
dothelium, which is the first hallmark of atherosclerotic plaque formation (8, 9). atheroscle-
rosis contributes to life-threatening complications such as acute coronary disorders and
myocardial infarction. 
it has been reported that the consumption of tomatoes and tomato products like, tomato
juice, soup and paste, attenuate the inflammatory process and might protect against coronary
diseases (10, 11, 12, 13). Tomatoes and tomato products contain various bio-active compounds
such as carotenoids, flavonoids and vitamins. The carotenoid lycopene is the main constituent
of tomatoes, followed by the vitamins α-tocopherol and ascorbic acid (14). in-vitro, α-toco-
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pherol and ascorbic acid reduce oxidative stress (15, 16, 17). in-vivo, the antioxidant activity of
α-tocopherol is more subtle (18). oxidative stress itself can initiate the inflammatory process
by activating nfκB and pro-inflammatory cytokines (19). 
it has been observed that lycopene inhibits the activation of nfκB (20, 21), the release of pro-
inflammatory cytokines (21, 22) and prevents the expression of adhesion molecules in vitro
(23). clinical studies support the anti-inflammatory potential of lycopene supplementation
(10, 13, 24). furthermore, it was observed that the consumption of tomatoes and tomato prod-
ucts seemed to be more efficient against inflammation than lycopene supplementation. it
was speculated that the presence of other bio-active compounds in tomato products con-
tributed to this anti-inflammatory potential (11, 25). 
Tomato products are frequently consumed in the Western World and a popular tomato prod-
uct is tomato ketchup (26, 27). There are no reports on the effect of tomato ketchup on in-
flammation. in the present study we examined the effect of tomato ketchup in cultured
endothelial cells on sequential phases of the inflammatory process by means of gene expres-
sion analyses, quantification of cytokine production and a bio-assay for chemotaxis involving
transmigration of monocytes. The potency of tomato ketchup was estimated by assessing
the anti-inflammatory effects of the hydrophilic and lipophilic extracts of tomato ketchup,
and lycopene, α-tocopherol and ascorbic acid as individual compounds. 
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5.2 materials and methods 
5.2.1 materials
Tomato ketchup was a gift from H.J. Heinz company. ascorbic acid, α-tocopherol and bovine
serum albumin (Bsa) were purchased from sigma chemical co. (st. Gallen, Germany). ly-
copene was supplied by extrasynthese (lyon, france). Human Tnf-α (7300 pg/ml), and il-8
(10 ng/ml) and il-10 (4000 pg/ml) were acquired from clB/sanquin (amsterdam, The nether-
lands). Human Tnf-αwere bought from R&d systems (Wiesbaden, Germany). all other chem-
icals were of analytical grade.
5.2.2 Preparation of the tomato ketchup extracts and compounds
lipophilic extracts of tomato ketchup were obtained by mixing 25 ml of chloroform to 10 g
tomato ketchup and subsequent centrifugation for 15 min. The lipophilic extract was then
transferred to a glass test tube. With a steam of nitrogen gas at room temperature the chlo-
roform was evaporated to isolate the lipophilic compounds and thereafter, dissolved in 25 µl
tetrahydrofuran, 25 µl fcs and 950 µl f12K culture medium. The hydrophilic extract of tomato
ketchup was obtained by adding 25 ml of f12K culture medium to 10 g tomato ketchup and
subsequent centrifugation for 15 min. The hydrophilic extract was then transferred to a 15 ml
tube and stored on ice until further use. lycopene and α-tocopherol were dissolved in 
chloroform, evaporated under a nitrogen stream and dissolved in 25 µl tetrahydrofuran, 25 µl
fcs and 950 µl f12K culture medium. ascorbic acid was dissolved in 10 ml f12K culture medium
and stored on ice. The final concentrations of lycopene, α-tocopherol and ascorbic acid as sin-
gle compounds and in the tomato ketchup extracts was 7.5 µm, 1.4 µm and 55 µm, respectively. 
5.2.3 cell culture
immortalized human umbilical vein cells (HuVec) (cRl 1730; american Type cell culture,
usa) were cultured in f12K medium (Gibco, uK) containing 10 % heat activated fetal calf
serum (fcs) (Gibco, uK), 100 units/ml penicillin (Gibco, uK), 100 µg/ml streptomycine (Gibco,
uK), 20 mg endothelial cell growth supplement (Bd Biosciences,uK) and 5ml heparin (leo
pharma, Belgium). Human monocytes u937 (cRl-1593.2; american Type cell culture, usa)
were cultured in RPmi-1640 medium containing 200 mg/l l-glutamine and 25 mm HePes
(Gibco, uK), supplemented with 100 units/ml penicillin (Gibco, uK), 100 µg/ml streptomycin
(Gibco, uK), 10% heat inactivated fetal calf serum (Gibco, uK) in a 5% co2 incubator at 37 °c.
cells were detached from their substratum by trypsin/edTa (Gibco, uK). HuVec’s were
grown to 90% confluence in 6-wells plates, the cells were washed with HBss (Gibco, uK) and
pre-treated for 1 h with single antioxidants (lycopene 7.5 µm, α-tocopherol 1.4 µm and ascorbic
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acid 55 µm) or a combination of these three antioxidants and with separate or combined
tomato ketchup extracts (hydrophilic and lipophilic). The cells were washed and challenged
with Tnf-α (10ng/ml) for 6 and 24 h. The medium was used to perform an enzyme-linked
immunosorbent assay (elisa) and the chemotaxis assay. The control samples were incubated
with solvent only. 
5.2.4 cytokine quantification 
Tumor necrosis factor-α , il-8 and il-10 were quantified using PeliKine compact human elisa
kits (clB/sanquin, The netherlands) based on appropriate and validated sets of monoclonal
antibodies. assays were performed as described in the manufacturer’s instructions. cytokine
levels were related to that of the control incubation without tomato ketchup extracts or
bioactive compounds. The tetrahydrofuran and fcs (both 0.05%) did not show any influence
on the Tnf-α induced cytokine release (data not shown).
5.2.5 Rna isolation, reverse transcription-polymerase chain 
reaction (RT-PcR) and data analysis
Total Rna was isolated using Qiazol lysis reagent (Qiagen, The netherlands) followed by pu-
rification using miRneasy-kit (Qiagen, The netherlands) according to the instructions of the
manufacturer. Rna concentration and purity were measured using the nanodrop system (iso-
Gen life science, The netherlands). Rna purity was assumed when A 260/A 280 ratios above 2
and A 260/A 230 proportion above 1.9 for all samples. 
Rna isolation was performed on individual samples, using the iscript cdna synthesis kit (Bio-
Rad, The netherlands). cdna was synthesized from 0.5 µg Rna per sample and diluted 15×
in Rnase-free water. RT-PcR reactions were performed with iQ sYBR Green supermix (Bio-
Rad, The netherlands) using the myiQ single-color real-time PcR detection system (Bio-Rad,
The netherlands). Primers for the inflammatory markers Tnf-α, il-8, il-10, e-selectin, icam-1,
and iKb; and the housekeeping gene β-actin were designed using Primer express software (ap-
plied Biosystems). sequences of the primer pairs used were the following: for Tnf-α 5’-
TcaaTcGGcccGacTaTcTc- 3’(forward), 5’- caGGGcaaTGaTcccaaaGT-3’(reverse), for
il-8 5’- GGacaaGaGccaGGaaGaaa- 3’ (forward), 5’- aaaTTTGGGGTGGaaaGGTT- 3’ (re-
verse), for il-10 5’- GcTGTcaTcGaTTTcTTccc- 3’ (forward), 5’- cTcaTGGcTTTGTaGaT-
GccT- 3’ (reverse), for e-selectin 5’- cccTaGcaaGGcaTGaTGTT- 3’ ( forward), 5’- GGccT-
caTGGaaGTTTTTca-3’ (reverse), for icam-1 5’- cTGaGcaaTGTGcaaGaaGaTaGc-3’ (for-
ward), 5’- cccGTTcTGGaGTccaGTaca-3’ (reverse), for iKb 5’- cTacaccTTGccTGT-
GaGca-3’ (forward), 5’- TccTGaGcaTTGacaTcaGc-3’ (reverse) and for β-actin 5’- β-actin-3’
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(forward), 5’- ccTGGcacccaGcacaaT-3’ (reverse). Then, 2.5 µl of 0.3 µm forward and re-
verse primer was mixed with 2.5 µl water and 12.5 µl sYBR Green supermix (Bio-Rad) and
added to 5 µl sample, yielding a final volume of 25 µl per well of a 96-well PcR plate. qRT-
PcR was performed using a myiQ single color real-time PcR detection system (Bio-Rad), ac-
cording to the following protocol: denaturation at 95 °c for 3 min was followed by 40 cycles
at 95 °c (15 s) and 60 °c (45 s). after PcR, a melt curve (60-95 °c) was produced for product
identification and purity. The PcR efficiency of all seven primer sets, assessed by measuring
cdna dilution curves, was at least 90%. data were analyzed using the myiQ software system
(Bio-Rad) and were finally expressed as relative gene expression (fold increase compared to
control samples) according to the 2-ΔΔCt method (28) . 
5.2.6 chemotaxis assay
The chemotaxis assay was adapted from denton et al. and Yang et al. (29, 30) with minor
modifications. Briefly, after treatment with lycopene, α-tocopherol, ascorbic acid or tomato
ketchup extracts and 24h exposure with Tnf-α as described in 2.3, the medium of the
HuVec’s was collected and transferred (800µl) into the lower chamber of a transwell insert
(5µm pore size, costar, usa). u937 cells were added to the upper chamber (106 cells/ml) and
allowed to migrate through the polycarbonate membrane at 37c˚, 5% co2. after 90 min the
cells in the lower wells were collected by centrifugation at 3000 x g for 5 min and directly
counted under a microscope.
5.2.7 statistics
all experiments were performed, at least, in triplicate. Results are given as mean sd. all data
were checked for normal distribution. statistically significant differences between the effects of
the experimental conditions and the controls (containing neither tomato ketchup extracts nor
lycopene, ascorbic acid or α-tocopherol), were assessed by a mann-Whitney U test corrected
with a Bonferroni test, using sPss.15. P-values ≤ 0.05 were considered statistically significant. 
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5.3 Results 
5.3.1 Gene expression of inflammatory mediators in HuVec
The gene expression of the pro-inflammatory cytokines Tnf-α and il-8 was reduced by the
hydrophilic, lipophilic as well as the mixture of both tomato ketchup extracts (P ≤ 0.05) (figure
1 a-B). The gene expression of the anti-inflammatory cytokine il-10 was stimulated neither
by both individual tomato ketchup extracts, nor by the combination of these extracts. 
The gene expression of the inhibitor protein iκB was reduced by the lipophilic ketchup extract
(figure 2). The gene expression of the adhesion molecule e-selectin was reduced by the hy-
drophilic, lipophilic ketchup extracts and the mixture of both ketchup extracts (figure 3). The
lipophilic ketchup extract and the mixture of both extracts effectively decreased icam-1 gene
expression (figure 3), while the hydrophilic extract exerted a slight stimulatory effect. 
lycopene, α-tocopherol, ascorbic acid and the mixture of these three antioxidants reduced
Tnf-α and il-8 gene expression (P ≤ 0.05). The gene expression of the anti-inflammatory cy-
tokine il-10 was significantly stimulated by lycopene, α-tocopherol and the mixture of all
three antioxidants (P ≤ 0.05) (figure 1 c). lycopene, α-tocopherol, ascorbic acid and the mixture
of all three antioxidants effectively inhibited iκB gene expression (figure 2). lycopene, α-to-
copherol and ascorbic acid, as well as the mixture of all three antioxidants efficiently reduced
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Figure 1 A-C. The effect of tomato ketchup extracts and lycopene, α-tocopherol and ascorbic acid on gene
expression of TNF-α (panel A) IL-8 (panel B) and IL-10 (panel C) and the release of these cytokines in the
culture medium by HUVEC. 
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HUVEC were pre-incubated for 1 h with tomato ketchup extracts, lycopene (7.5 μM), α-tocopherol (1.4 μM)
and ascorbic acid (55 μM) and stimulated with TNF-α (10ng/ml) for 6 or 24 h. The inhibitory effect on gene
expression and protein production of TNF-α (panel A), IL-8 (panel B) on gene expression and protein pro-
duction, were in the same order of magnitude and showed a significant correlation. 
Mix AOX: the combination of the antioxidants lycopene (7.5 μM), α-tocopherol (1.4 μM) and ascorbic acid
(55 μM); Hydro: hydrophilic tomato ketchup extract; Lipo: lipophilic tomato ketchup extract.
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Figure 3. The effect of tomato ketchup extracts, lycopene, α-tocopherol and ascorbic acid 
on gene expression of E-selectin and ICAM-1 in HUVEC
HUVEC were pre-incubated for 1 h with tomato ketchup extracts, lycopene (7.5 μM), α-tocopherol (1.4 μM
and ascorbic acid (55 μM) and stimulated with TNF-α (10ng/ml) for 6 h. Data are presented as mean ± S.E.M.
of 3 triplicates,* (p ≤ 0.05) significantly lower than the control (TNF-α only). 
Mix AOX: the combination of the antioxidants lycopene (7.5 μM), α-tocopherol (1.4 μM) and ascorbic acid
(55 μM); Hydro: hydrophilic tomato ketchup extract; Lipo: lipophilic tomato ketchup extract.
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Figure 2. The effect of tomato ketchup extracts, lycopene, α-tocopherol and ascorbic acid 
on gene expression of IκB in HUVEC
HUVEC were pre-incubated for 1 h with tomato ketchup extracts, lycopene (7.5 μM), α-tocopherol (1.4 μM)
and ascorbic acid (55 μM) and stimulated with TNF-α (10ng/ml) for 6 h. Data are presented as mean ± S.E.M.
of 3 triplicates,* (p ≤ 0.05) significantly lower than the control (TNF-α only). 
Mix AOX: the combination of the antioxidants lycopene (7.5 μM), α-tocopherol (1.4 μM) and ascorbic acid
(55 μM); Hydro: hydrophilic tomato ketchup extract; Lipo: lipophilic tomato ketchup extract.
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e-selectin gene expression (figure 3). lycopene and α-tocopherol and the mixture of all three
antioxidants significantly reduced the expression of icam-1, while ascorbic acid showed a
slight increase/did not affect icam-1 gene epxression (figure 3).
5.3.2 cytokine quantification in HuVec
Both tomato ketchup extracts inhibited the release of Tnf-α and il-8 in the culture medium
(figure 1). The lipophilic tomato ketchup extract and the mixture of both extracts stimulated
the release of the anti-inflammatory cytokine il-10 in the culture medium (figure 1). for both
Tnf-a and il-8, the ketchup extract induced inhibition of gene expression correlated with
the attenuated secretion of the cytokines on protein level (figure 1 a-B).
lycopene, α-tocopherol, ascorbic acid and the mixture of these three antioxidants reduced
the release of Tnf-α and il-8, and stimulated the release of il-10 (P ≤ 0.05). The release of
Tnf-α and il-8 correlated with the decrease in gene expression, while the increased il-10 se-
cretion was not accompanied by a significant change in its gene expression (figure 1).
5.3.3 chemotaxis
HuVec were pre-treated with lycopene, α-tocopherol, ascorbic acid and extracts of tomato
ketchupas described in section 2.5. The culture medium was tested for the concentration of
il-8 and used to attract monocytes to the lower compartment of the transwell system in a
chemotaxis bio-assay. 
The migration of monocytes was significantly reduced by the hydrophilic and particularly the
lipophilic tomato extract. The combination of both extracts reduced migration by the same
extent as the lipophilic extract (figure 4 a). α-Tocopherol, ascorbic acid and mainly lycopene
inhibited monocyte migration significantly (figure 4 a). The combination of lycopene, α-to-
copherol and ascorbic acid inhibited chemotaxis even more extensively than the individual
antioxidants. 
a positive correlation (r = 0.7316, P ≤ 0.05) between the migration of monocytes and the con-
centration of il-8 in the culture medium was found (figure 4 B). 
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Figure 4 A, B. The effect of tomato ketchup extracts, lycopene, α-tocopherol and ascorbic acid on chemotaxis
and the relation between cell migration and IL-8 concentrations
Panel A: HUVEC were pre-incubated for 1 h with tomato ketchup extracts, lycopene (7.5 μM), α-tocopherol
(1.4 μM and ascorbic acid (55 μM) and stimulated with TNF-α (10ng/ml) for 24 h. The medium of HUVEC
was used for the migration (90 min) of monocytes (cells/ml). 
Panel B: correlation between the concentration IL-8 (pg/ml) and migrated monocytes/ml (r = 0.7316; p ≤
0.05). Data are presented as mean ± S.E.M. of 3 triplicates, * (p ≤ 0.05) significantly lower than the control
(TNF-α only). 
Mix AOX: the combination of the antioxidants lycopene (7.5 μM), α-tocopherol (1.4 μM) and ascorbic acid
(55 μM); Hydro: hydrophilic tomato ketchup extract; Lipo: lipophilic tomato ketchup extract.
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5.4 discussion
Prolonged, low grade inflammation disturbs homeostasis and has been implicated in the eti-
ology of chronic diseases such as atherosclerosis (1, 2, 5, 32). fast-food and unbalanced diets
increase the risk for cardiovascular diseases (33, 34). evidence is accumulating that fruits and
vegetables provide substantial health benefits, especially against these chronic diseases (35-
38). it has been reported that tomatoes and tomato products exert anti-inflammatory effects
(1, 32, 39). in the us the frequent tomato ketchup consumption among people aged between
15-35 years is responsible for their relatively high lycopene intake (40). This prompted us to in-
vestigate the effect of tomato ketchup on the three phases (i.e. gene expression, cytokine re-
lease and chemotaxis) of the inflammatory process. interestingly, a consistent inhibitory effect
of tomato ketchup extracts on various phases of the inflammatory process was observed. 
We assessed the activity of nfκB via the expression of the inhibitor of iκB gene. iκB gene
expression is directly related to nfκB activation (4, 41-43). The lower iκB gene expression in-
dicated that tomato ketchup extract attenuated the initial phase of the inflammation process
by reducing the activity of the transcription factor nfκB. of the extracts and compounds
tested, the hydrophilic extract had a relatively low anti-inflammatory potency and even dis-
played some pro-inflammatory activity. The sugar in tomato ketchup might be involved in
the observed slightly increased iκB expression by the hydrophilic extract. it appeared that the
lipophilic extract most effectively inhibited the expression of iκB (figure 2). 
The effect on iκB gene expression was consistent with the observed inhibition on gene ex-
pression of the pro-inflammatory cytokines Tnf-α and il-8 by tomato ketchup which is con-
trolled by nfκB. in line with the reduced gene expression, the release of Tnf-α and il-8 was
inhibited with 61 ± 9 % and 69 ± 4 %, respectively, by the tomato ketchup extracts. of the
bio-active compounds tested, lycopene was found to be the most effective. 
Tnf-α incites the inflammatory process by a stimulating feedback since Tnf-α itself can acti-
vate nfκB (4, 44). nfκB activation increases Tnf-α release which further amplifies the inflam-
matory process. The inhibitory effect of tomato ketchup extracts on Tnf-α release is expected
to contribute to a reduced activation of nfκB. in this way, inflammation would be mitigated at
an early phase by tomato ketchup and further amplification of the process is prevented. 
during inflammation also negative feedback loops are activated by stimulating the production
of anti-inflammatory cytokines such as il-4, il-10 and il-13 (5). Tomato ketchup extracts ap-
peared to increase il-10 production, indicating stimulation of the negative feedback mecha-
nism. The effect of tomato ketchup extracts on the protein production of il-10 was relatively
high and did not correlate with its gene expression/while its gene expression remained unaf-
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fected. This might suggest that tomato ketchup extracts affects the anti-inflammatory feed-
back control by il-10 via another mechanism than its gene expression. 
There was a good correlation between the gene-expression and cytokine production of Tnf-
α and il-8 (figure 1). This suggests that modulating gene-expression is involved in the reduc-
tion of the production of these pro-inflammatory cytokines by tomato ketchup extracts.
apparently, the anti-inflammatory effect of tomato ketchup extracts is achieved via different
molecular modes of actions. These results also indicate that tomato ketchup mitigates in-
flammation in this early phase in two distinct pathways i.e. by inhibiting the pro-inflammatory
positive feedback and by stimulating the anti-inflammatory feedback mechanism. in both ef-
fects, lycopene again seems to be the most effective compound. 
a crucial phase of the inflammatory process is the migration of monocytes from the vascular
lumen into the vascular wall. This process, known as chemotaxis (5, 6, 8) consists of sequential
interactions between monocytes and endothelial cells. firstly, endothelial cells are triggered
by chemotactic factors (e.g. il-8) to express adhesion molecules such as e-selectin and icam-
1 (7). consistent with the inhibition of il-8 release, our results showed that tomato ketchup
reduced the expression of e-selectin and icam-1 (figure 3). after the monocytes adhere to the
adhesion molecules on the endothelium, the monocytes migrate to the inflamed site, which is
initiated by a concentration gradient of a chemotactic factor such as il-8 (7). in this study the
culture medium of inflammatory challenged endothelial cells, which released il-8, was used in
a bioassay for the determination of monocytes chemotaxis. The culture medium of tomato
ketchup extract treated endothelial cells reduced the chemotaxis of human monocytes effec-
tively, by 69 ± 4%. The reduced chemotaxis correlated significantly with the decreased con-
centration of il-8 in the medium that originated from the cultured endothelial cells (figure 4).
These observations demonstrate the potential of tomato ketchup to avert chemotaxis.
Tomato ketchup is a mixture in which lycopene, α-tocopherol and ascorbate are the most
studied ingredients. it contains also numerous other bio-active compounds e.g. carotenoids
other than lycopene and flavonoids. our results consistently underline the contribution of ly-
copene to the anti-inflammatory effect of tomato ketchup. α-Tocopherol and ascorbic acid
appeared to strengthen the anti-inflammatory effect of lycopene. These findings are in line
with our previous results which also indicate that the inflammatory process was mitigated by
especially lycopene, and that a combination of α-tocopherol and ascorbic acid synergistically
prevented against oxidative damage (23). Together these compounds act on different levels
within the inflammatory process which complements their protective potential against in-
flammation (23). in the present study, it was observed that the mixture of lycopene, α-toco-
pherol and ascorbic acid extensively inhibited chemotaxis of monocytes. However, the
inhibitory effect of tomato ketchup appeared to be even more potent, demonstrating that
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compounds not identified in the present study also contribute to the anti-inflammatory effect
of tomato ketchup. 
evidence on the anti-inflammatory properties of tomato ketchup is scarce. To our knowledge
this is the first study that addresses this subject on the various phases of the inflammatory
process in a structured and detailed approach. The effects of lycopene are much better doc-
umented than the effects of tomato products. The anti-inflammatory potential of lycopene
is confirmed in the study of Hung et al. who reported that lycopene treatment of endothelial
cells significantly inhibited nfκB activation and expression of icam-1 (24). Both feng et al.(45)
and Palozza et al. (21) showed that lycopene attenuated iκB phosphorylation in macrophages.
additionally, lycopene also effectively reduced the production of pro-inflammatory cytokines
in vitro (21, 45). in line with previous observations, our study also indicates that lycopene plays
an essential role in the anti-inflammatory effects of tomato ketchup (1, 2, 12, 14, 46). 
moreover, the results of the present study draw attention to the importance of compounds
in tomato ketchup other than lycopene. The anti-inflammatory effects of tomatoes and
tomato products have also been studied in clinical settings (10, 13, 46, 47). in the study of
sanchez-moreno et al. the effect of gazpacho, a vegetable soup containing high levels of
tomatoes, on pro-inflammatory mediators in healthy volunteers was examined. it was found
that the combination of various bio-active compounds in this soup protected against oxidative
stress and inflammation by reducing the generation of prostaglandins and chemoattractants
(10). Blum et al. did not observe an anti-inflammatory effect after the consumption of a
tomato rich diet in healthy volunteers (25). However, in the study of Riso et al. the production
and release of the pro-inflammatory cytokine Tnf-α was effectively reduced after the con-
sumption of tomato-juice (13). similarly, markovits et al. reported that supplementation of
tomato derived lycopene, attenuated pro-inflammatory markers including Tnf-α, il-6 and
c-reactive protein in obese patients (39). The majority of studies that investigated the effects
of tomato products concluded that the participation of bio-active compounds other than ly-
copene, also contributed to the observed health effects (10, 11, 48).  
The findings of the present study highlight the anti-inflammatory potential of tomato ketchup
extracts. The effects on specific pathways appear to be relatively subtle and will not result in
a complete block of the individual phases of the inflammatory process. nevertheless, tomato
ketchup extracts appears to interfere on several levels, including early phases in which it in-
hibits the positive feedback and stimulates the negative feedback of the inflammatory process.
This is integrated in a clear inhibitory effect on chemotaxis. such a pleotropic mode of action
can especially be effective in mitigation of prolonged, low-grade inflammation. Based on the
results of the current study, tomato ketchup seems to have the potential to preserve health,
which deserves further attention.
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Look, if you had one shot, one opportunity
To seize everything you ever wanted in one moment
Would you capture it or just let it slip?
.....
You better lose yourself in the music, the moment
You own it, you better never let it go
You only get one shot, do not miss your chance to blow
This opportunity comes once in a lifetime
.....
You can do anything you set your mind to, man 
e m i n e m
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abstract 
energy dense foods challenge homeostasis and contribute to the development of the cardio
metabolic syndrome. This condition is characterized by chronic inflammation. The consump-
tion of tomato products has been associated with a decreased risk for chronic inflammatory
diseases. in this study, the effect of a single consumption of tomato ketchup on cytokine pro-
duction in healthy volunteers was determined. in a functional bioassay for chemotaxis, the
ability to adapt to an external inflammatory challenge (i.e. lPs) in these subjects was assessed.
our experiments showed that tomato ketchup consumption effectively reduced Tnf-α pro-
duction and a trend was observed for il-8 inhibition, while tomato ketchup did not alter il-
10 release. The individual cytokines are only a small part of the inflammatory process. The
effect was more pronounced on monocyte migration, tested in a functional chemotaxis bioas-
say. This bioassay covers an entire inflammatory process in which the action of the inflam-
matory challenged blood (ex-vivo) of the healthy volunteers on cultured monocytes are
integrated. This functional chemotaxis bioassay could reveal that in healthy volunteers a single
tomato ketchup consumption reduces the response to an inflammatory challenge. This points
to an improved ability to maintain homeostasis, which uncovers the health potential of
tomato ketchup. 
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6.1 introduction
Health has been defined as the absence of disease, but the concept of health is subject to
change. in 1946 the World Health organization (WHo) extended the definition of health to
a complete state of physical, mental and social well-being (1). nowadays the concept of health
not only comprises a static healthy condition, it also incorporates on the ability to adapt to
external challenges in order to maintain a well balanced homeostasis (2). 
energy dense foods contain high levels of fat, salt and sugar, and can be seen as an external
challenge to this homeostasis and their unrestricted long term intake inevitably leads to a
condition known as the cardiometabolic syndrome (3, 4). The cardiometabolic syndrome pre-
disposes to a cluster of diseases including dyslipidemia, type ii diabetes mellitus and hyper-
tension (3, 5). Persistent low grade inflammation is a major concern in these conditions and
undermines the body’s ability to adapt. 
While some substances in foods challenge homeostasis, other ingredients such as carotenoids
and vitamins support the physiological buffering capacity thereby increasing the ability to
adapt (6-10). for instance, tomatoes and tomato products are full of phytochemicals, such as
lycopene, ascorbic acid and α-tocopherol (8, 10). a number of studies report that regular con-
sumption of tomato products (e.g. drinks and paste) reduced inflammatory bio-markers in
healthy volunteers (11-13), although sometimes no effect was observed (14, 15). additionally,
it was reported that tomato ketchup and its main constituents, lycopene, ascorbic acid and
α-tocopherol, mitigated the inflammatory process in vitro (16). The observed effects were
subtle but consistently distributed along the various separate processes of inflammation. a
key process is the chemotaxis cascade which is controlled by an intricate network of inflam-
matory mediators, including cytokines and adhesion molecules, that results in monocyte mi-
gration (17, 18). in a functional bioassay for chemotaxis, a clear anti-inflammatory effect of
tomato ketchup was observed. This demonstrated the multifaceted effect of tomato ketchup
on a whole process in which several inflammatory mediators are integrated (19). in the present
study, we further examined the effect of tomato ketchup. The effect of a single consumption
of tomato ketchup on cytokine production in healthy volunteers was determined. The ability
to adapt to an external inflammatory challenge (i.e. lPs) in these subjects was assessed with
a functional bioassay for chemotaxis, which enabled us to estimate the potential health ben-
efit of tomato ketchup. 
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6.2 materials and methods
6.2.1 chemicals 
Tomato ketchup was a gift from H.J. Heinz company. Human Tnf-α (7300 pg/ml), and
human il-8 (10 ng/ml) and human il-10 (4000 pg/ml) were acquired from clB/sanquin (The
netherlands). lipopolysaccaride (lPs, e. coli) were purchased from sigma chemical co. (usa).
all other chemicals were of analytical grade.
6.2.2 cell culture 
Human monocytes u937 (cRl-1593.2; american Type cell culture, usa) were cultured in
RPmi-1640 culture medium containing 200 mg/l l-glutamine and 25 mm HePes (Gibco, uK),
supplemented with 100 units/ml penicillin (Gibco, uK), 100 µg/ml streptomycin (Gibco, uK),
10% heat inactivated fetal calf serum (Gibco, uK) in a 5% co2 incubator at 37 °c.
6.2.3 subjects
six healthy male subjects were recruited for the study. no users of any medication participated
in the study. Blood donation three months before the start of the study, consumption of three
glasses or more of alcohol per day, vegetarian lifestyle or allergies to food components were
exclusion criteria in the recruitment. The volunteers were informed of the purposes and risks
of the study, and written informed consent was obtained. The study was approved by the
medical ethics committee of the maastricht academic Hospital and maastricht university
(reference mec 11-3-049.3; ncT 01462825).
6.2.4 Test meals
for the study, a control meal and a tomato ketchup meal were prepared. The control meal
consisted of 200 g white cooked rice with a vinaigrette providing comparable amounts of
sugar, fat and vinegar to the tomato ketchup meal (table 1). The control meal did not contain
any of the antioxidants of interest and consisted of approximately 2060 kJ (492 kcal). The
tomato ketchup meal consisted of 200 g white cooked rice and 200 g tomato ketchup con-
taining approximately 30 mg lycopene. all ingredients used were safe for human consumption
and commercially available. 
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6.2.5 study design
The study was a placebo controlled cross-over design. The study design was not blinded since
this was practically impossible because of the taste and appearance of the tomato ketchup.
This did not affect the outcome of the study since the endpoints which were used were based
on chemical assays. standard operating procedures were prepared before the start of the
study and the assays were performed blind. Three days prior to the first intervention day, the
participants were instructed not to consume any tomato or tomato products, nuts and seeds,
antioxidant supplements or beverages high in antioxidants or antioxidant rich food (fruit and
vegetables) and to record their food and beverage intake during these three days. The volun-
teers received a standardized low-antioxidant meal consisting of wheat noodles the evening
prior to the first intervention day. after an overnight fast, the participants consumed the con-
trol meal in the morning and received a standardized lunch and dinner low in antioxidants.
after a second overnight fast the volunteers consumed a tomato ketchup meal in the morning
of the second intervention day. during both intervention days , only drinking water (ad libitum)
was allowed. Blood was collected six hours after the consumption of each the intervention
meals (14.30 - 15.00 a.m.) (figure 1).
Table 1. Macronutrient composition of the vinaigrette (control meal) and tomato ketchup consumed by
the participants in the study
g/100 g 
Total carbohydrates 21.61
fat 0.35
Protein 1.43
salt based on na 3.05
salt based on cl 3.09
Table 2. Lycopene, α-tocopherol and ascorbic acid composition of the tomato ketchup consumed by 
the participants in the study
g/100 g 
lycopene 1.87 mg
α-Tocopherol 16.30 mg
ascorbic acid 94.40 mg
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Figure 1. outline of the study
Prior to intervention Day 1 Day 2 Day 3
Test day 1
Test day 2
Diet low in antioxidants & tomato products
Time
Time
Blood 
sampling
7:30 8:30 12:00 15:00 18:00
7:30 8:30 12:00 15:00
6 h
2 samples
18:00
Placebo meal
Tomato ketchup 
meal
Lunch Standerized meal
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6.2.6 Ex vivo induced inflammatory response
Blood was collected six hours after the consumption of the test meals and diluted with RPmi-
1640 culture medium in a 1:4 ratio. lPs (from Escherichia coli) was added to a final concentra-
tion of 100 ng / ml and the blood samples were incubated in triplicate for 6 or 24 h at 37 °c
and 5% co2 in a humidified atmosphere. after incubation, the supernatants obtained by cen-
trifugation (1000 g for 5 min at 4 °c) were used immediately to determine chemotaxis or
stored at -80 °c until analysis. for the cytokine analyses (Tnf-α, il-8 and il-10) human cy-
tokine kits from clB/sanquin (netherlands) were used following the instructions of the man-
ufacturer. for each subject, the cytokine expression (average of triplicate determination) was
related to that in the lPs-stimulated blood. 
6.2.7 chemotaxis bio-assay
The chemotaxis assay was adapted from (20, 21) with minor modifications. Briefly the super-
natant of the stimulated blood (100 ng /ml lPs, 24 h) was obtained by centrifugation (1000 g
for 5 min at 4 °c) and transferred (800µl) into the lower chamber of a transwell insert (5µm
pore size, costar, usa). cultured u937 cells were added to the upper chamber (106 cells/ml)
and allowed to migrate through the polycarbonate membrane at 37 °c, 5% co2. after 90 min
the cells in the lower wells were collected by centrifugation at 3000 x g for 5 min and directly
counted under a microscope. for each subject, the cell count (average of triplicate determi-
nation) was related to that in the lPs-stimulated blood.
6.2.8 statistical analysis
all experiments were performed, at least, in triplicate. Results are given as mean ± s.d. The
statistical significance of the differences between the effect of the tomato ketchup meal and
the control meal on inflammation in ex-vivo stimulated blood were compared. The statistical
significance was determined by a paired student’s t-test. P-values ≤ 0.05 were considered sta-
tistically significant. 
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Figure 2. The effect of the control meal and the tomato ketchup meal on cytokine production in human
blood by a LPS challenge.
Panel A: TNF-α inhibition. * Tomato ketchup significantly inhibited the production of TNF-α in human blood. 
Panel B: IL-8 inhibition. 
Panel C: IL-10 stimulation. The relative cytokine production after the consumption of the tomato ketchup
meal is depicted as inset. 
Human blood was challenged with LPS (100 ng/ml) for 6 (TNF-α) or 24 h (IL-8, IL-10). Data are presented as
mean ± sem* p ≤ 0.05 significantly lower than the control meal.
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6.3 Results
6.3.1 cytokine production
Tnf- α production in blood after a lPs challenge was reduced (46 ± 9 %; p = 0.01) after the
consumption of the tomato ketchup meal (figure 2 a). Tomato ketchup consumption tended
to reduce the production of il-8 with 31 ± 8% (p = 0.06) (figure 2 B). The anti-inflammatory
cytokine il-10 was not stimulated by tomato ketchup (figure 2 c). 
6.3.2 chemotaxis 
The bioassay for chemotaxis was assessed with the supernatant of the blood of the healthy
volunteers and cultured human monocytes. Tomato ketchup significantly reduced the migration
of monocytes (27 ± 7%; p = 0.006) in the challenged blood (with lPs; 100 ng/ml) (figure 3). in
unchallenged blood tomato ketchup consumption did not affect monocyte migration (data
not shown).
Table 3. Characteristics of the subjects
Characteristics 
age (y) 33 ± 4.2
Height (cm) 184 ± 2.2
Weight (kg) 86 ± 2.9
Bmi (kg/m2) 26 ± 0.6
Values are mean ± sem; n = 6
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Figure 3. The effect of the control and tomato ketchup meal on chemotaxis
Migration of human monocytes triggered by LPS stimulated human blood. * Tomato ketchup significantly
inhibited the migration of human monocytes. The relative inhibition of monocyte migration after the con-
sumption of the tomato ketchup meal is depicted as inset. The medium and supernatant of LPS (100 ng/ml)
stimulated human blood (24 h) was used for the migration (90 min) of human monocytes (cells/ml).Data are
presented as mean ± sem. * p ≤ 0.05 significantly lower than the control meal.
Figure 4. The effect of tomato ketchup on the chemotaxis cascade
At the site of inflammation, TNF-α and chemotactic factors (IL-8 and MCP-1) are released to recruit mono-
cytes. As the monocytes are recruited,also the expression of adhesion molecules at the endothelium (ICAM-
1, VCAM-1, E-selectin) is increased. The monocytes firmly adhere to these adhesion molecules triggering the
monocytes to migrate through the endothelium. The migration of monocytes leads to the production of
more cytokines which amplify the chemotaxis cascade. Tomato ketchup consumption reduces chemotaxis.
TNF-α: tumor necrosis factor-α; MCP-1: monocyte chemotactic protein-1; VCAM-1: vascular cell adhesion
molecule-1; ICAM-1:intercellular cell adhesion molecule-1.
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6.4 discussion
during the past decades the incidence of diet related diseases has considerably increased (3, 5).
energy dense foods challenge homeostasis and contribute to the development of the car-
diometabolic syndrome. The cardiometabolic syndrome predisposes to cardiovascular dis-
eases, type ii diabetes mellitus and hypertension. These conditions are characterized by
persistent low grade inflammation (3, 5, 22). chronic inflammation is associated with increased
levels of multiple inflammatory mediators, including cytokines (e.g. Tnf-α, il-6, il-10), adhe-
sion molecules (e.g. icam-1, e-selectin) and chemotactic factors (e.g. mcP-1, il-8) (23-25).
in the present study the effect of a single consumption of tomato ketchup was determined
on the individual inflammatory markers Tnf-α, il-8 and il-10 in blood from healthy volunteers
upon addition of lPs ex vivo. Tnf-α production was reduced and a trend was observed for
il-8 inhibition, while tomato ketchup did not alter il-10 release (figure 1). The individual cy-
tokines are only a small part of the inflammatory process. in fact, inflammation is a process
that consists of several phases in which the effect of a multitude of inflammatory mediators
are integrated (26, 27). The chemotaxis cascade is key during inflammation (28-30). chemotaxis
is triggered by circulating inflammatory cytokines, like Tnf-α. subsequently, monocyte re-
cruitment is initiated by a gradient of chemotactic factors such as il-8 and monocyte chemo-
tactic protein-1 (mcP-1) at the site of inflammation. The increased release of chemotactic
factors stimulates the endothelium to express adhesion molecules (e.g. icam-1, Vcam-1,e-
selecetin), to which monocytes firmly adhere and subsequently migrate through the vascular
wall (figure 3). migrated monocytes perturb the homeostasis in the intima of a blood vessels
which poses a threat to cardiovascular health (17, 28). 
evidence is accumulating that foods rich in carotenoids, vitamins and polyphenols contribute
to health by attenuating the inflammatory process (31-33). Tomato ketchup contains various
of those compounds such as lycopene, β-carotene, ascorbic acid and α-tocopherol (8). Re-
cently, we reported that in vitro tomato ketchup exerted anti-inflammatory effects in a mul-
tifaceted manner (19). Tomato ketchup inhibited individual inflammatory mediators playing
an important role in the chemotaxis cascade (Tnf-α, il-8, e-selectin and icam-1). The effect
was more pronounced on monocyte migration, tested in a functional chemotaxis bioassay.
This bioassay covers an entire inflammatory process in which the action of inflammatory me-
diators on monocytes are integrated, and mimics a pivotal patho-physiological process. This
not only improves the sensitivity of the assay, it also facilitates extrapolation of the results to
in vivo conditions. 
in this study the chemotaxis bio-assay was used to estimate the health potential, i.e. the
buffering capacity of homeostasis in healthy volunteers ‘The ability to adapt’. Therefore an
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external challenge was performed by using the pro-inflammatory agent lPs. it was observed
that the consumption of tomato ketchup significantly reduced chemotaxis induced by the in-
flammatory challenge, uncovering the potential of tomato ketchup to improve the ability of
the volunteers to adapt. That a clear effect was found, confirms the sensitivity of the chemo-
taxis bioassay and points at a multifaceted mode of action of the tomato ketchup consump-
tion on the chemotaxis cascade.
The observations of the present study are in line with those of other studies on the anti-in-
flammation effect of tomato product or tomato extract supplementation . However, differ-
ences in tomato product and study design hamper a straightforward comparison. in studies
that supplemented healthy subjects with tomato extracts (lyc-o-mato) , the inflammatory
biomarkers Tnf-α and c-reactive protein were reduced after several weeks (12, 34). contrast-
ingly, the studies of Blum et al. and denniss et al. did not observe anti-inflammatory effects
after tomato extract supplementation (14). These investigations quantified isolated and single
inflammatory endpoints in healthy volunteers, while maintaining homeostasis is integrative
and multifactoral. The use of an inflammatory bioassay and the use of a challenge appeared
to be sensitive and is relatively directly linked to a potential health effect. This approach seam-
lessly fits in the contemporary concept of health which also includes the ability of healthy
people to maintain homeostasis. 
in conclusion, a functional chemotaxis bio-assay could reveal that in healthy volunteers a sin-
gle tomato ketchup consumption reduces the response to an inflammatory challenge. This
points at an improved ability to maintain homeostasis, which uncovers the health potential
of tomato ketchup. 
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General discussion
chronic inflammation is a complex biological process involving many reactions on cellular and
subcellular level such as chemotaxis, cytokine production and gene transcription (1, 2). one
of the driving forces is the production of reactive oxygen species that damage tissues, cells
and molecules, for instance, lipid peroxidation of ldl (3, 4). upon cell or tissue damage, sig-
naling molecules such as protein kinase c (PKc) are activated (5). PKc activates the transcrip-
tion factor nuclear factor-κ-B (nfκB) that initiates the production of pro- inflammatory
cytokines, including Tnf-α and il-8 (6, 7). High levels of circulating cytokines at the site of
inflammation initiate chemotaxis. The process of chemotaxis is orchestrated by an integrated
network of inflammatory mediators (8, 9). in this process, monocytes are recruited to the in-
flamed site by chemotactic factors (e.g. il-8 and monocyte chemotactic protein-1 (mcP-1))
released from the vascular endothelium. The vascular endothelium expresses adhesion mol-
ecules (e.g. inter cellular adhesion molecule-1 (icam-1), vascular cell adhesion molecule-1
(Vcam-1), e-selectin), which facilitate monocytes adhesion and migration into the vascular
wall (2, 10). The migration causes the monocytes to differentiate in macrophages. 
low grade persistent inflammation contributes to the development of cardiovascular diseases
(cVd), cancer and osteoporosis (chapter 2) (1, 11-13). evidence is accumulating that tomatoes
have the potential to protect against chronic inflammatory disorders. High intake of tomatoes
decreases high blood pressure in animals and humans, and reduces the risk for atherosclerosis
(14-16). moreover, tomatoes have a beneficial effect on bone health in osteoporotic patients
(17, 18). in addition, tomato rich diets attenuate carcinogenesis, which has been attributed by
the interplay of bioactive compounds in tomatoes (19, 20). 
Health effects of tomatoes have been ascribed to their numerous bioactive compounds, including
carotenoids, vitamins and flavonoids (chapter 2). many studies focused on the effects of isolated
tomato bioactives. The carotenoid lycopene is the most studied compound in this respect (11,
21-23). initially, studies focused on the antioxidant and anti-mutagenic effects of lycopene (24).
Recently, it became clear that lycopene has a strong anti-inflammatory potential (23). 
other important bioactive compounds in tomatoes are the vitamins α-tocopherol and ascor-
bic acid. Both vitamins are known for their antioxidant activities. Bioactive compounds in iso-
lation like lycopene, ascorbic acid and α-tocopherol do have a protective potential against
inflammation. in general, their activity is boosted when bioactives are combined which leads
to additive and/ or synergistic interactions (25). an example is the synergistic interaction be-
tween ascorbic acid and α-tocopherol against lipid peroxidation is well documented (26). 
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Knowledge on the interplay between the major bioactive compounds in tomatoes e.g. lycopene,
α-tocopherol and ascorbic acid is largely lacking. in chapter 3, the effects of isolated as well as
combinations of lycopene, α-tocopherol and ascorbic acid on lipid peroxidation and inflamma-
tion were examined. The mechanism of the synergistic protection against lipid peroxidation
mainly relies on a direct chemical reaction between ascorbic acid and α-tocopherol where elec-
trons are transferred from one molecule to the other. α-Tocopherol scavenges free radicals that
are produced in the lipid membrane, and is oxidized to the α-tocopheroxyl radical. The α-toco-
pheroxyl radical is reduced by ascorbic acid that serves as a radical sink in the water phase.
Bioactives modulate the inflammatory process mainly via an effect on signaling cascades and
transcription factors. Therefore, interactions between compounds during inflammation will
not be as direct as those observed during lipid peroxidation. 
it was also observed in the study described in chapter 3, that lycopene in isolation exhibited
strong anti-inflammatory properties, which was not greatly affected by ascorbic acid and/or
α-tocopherol. These findings indicate that lycopene plays a key role in inhibiting inflammation
whereas ascorbic acid and α-tocopherol are important for the protection against lipid perox-
idation. Both activities are complementary since they diminish the process of inflammation
on different levels.
The inflammatory process involves several inflammatory key processes, of which activation of
the transcription factor nfκB is of pivotal importance (6, 27, 28). nfκB is activated when its in-
hibitor protein iκB, is phosphorylated by the enzyme PKc. PKc consists of several isoforms, of
which the isoforms α, βii and δ, regulate the downstream pathway of nfκB activation (29, 30).
in chapter 4 the capability of α-tocopherol, and the carotenoids lycopene, β-carotene and
lutein to inhibit the activity of the PKc isoforms α, βii and δ, was investigated. in accordance
to literature data, α-tocopherol inhibited PKc-α. our results also demonstrated that PKc-βii
and PKc-δ are inhibited by α-tocopherol. The inhibitory effect on several isoforms demon-
strates the versatile role of α-tocopherol in mitigating the inflammatory response. The
carotenoids lycopene, β-carotene and lutein inhibited PKc-α, PKc-βii and PKc-δ activity in
the same order of magnitude as α-tocopherol. The anti-inflammatory potential was confirmed
by the reduced PKc activity in cultured endothelial cells. apparently, the biological effect of
the tested carotenoids and that of α-tocopherol on PKc overlaps. This overlap in PKc inhi-
bition illustrated the potential cooperation of phytochemicals which are abundantly found in
fruits and vegetables, on pivotal cellular processes, such as the prevention of nfκB activation. 
subsequently, the effect of tomato ketchup on sequential inflammatory processes during
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human monocyte-endothelial cell interactions was studied in chapter 5. Tomato ketchup mit-
igated the initial phase of the inflammatory process by reducing the gene expression of iκB
which is a marker for less activation of the transcription factor nfκB. The reduced activition
of nfκB was confirmed by the decreased gene expression of the pro-inflammatory cytokines
Tnf-α and il-8, which is controlled by nfκB. Tomato ketchup also inhibited the release of
il-8 and Tnf-α. Tomato ketchup had more effect on the release of the anti-inflammatory cy-
tokine il-10 than on its gene expression. This implies that tomato ketchup affects the anti-
inflammatory feedback control via another mechanism than its gene expression. 
Pro-inflammatory cytokine production leads to the process of chemotaxis. This is the recruit-
ment and migration of monocytes to the inflamed site in the vessel wall. chemotaxis also in-
volves the expression of adhesion molecules by the vascular endothelium. Tomato ketchup
effectively reduced gene expression of the adhesion molecules e-selectin and icam-1 and
monocyte migration. The results consistently emphasize the major contribution of lycopene
to the anti-inflammatory effect of tomato ketchup. other compounds in tomato ketchup
such as α-tocopherol and ascorbic acid appeared to strengthen the anti-inflammatory effect
of lycopene. Tomato ketchup subtly interfered on several inflammatory processes that was
integrated in a clear inhibitory effect on chemotaxis. such a pleotropic mode of action can
especially be effective in mitigation of diseases characterized with prolonged and low grade
inflammation. Based on the promising results of the current study, we further investigated
the potential anti-inflammatory effects of tomato ketchup in humans, as described in chapter
6. Healthy volunteers consumed a single meal with tomato ketchup. subsequently, their blood
was ex-vivo stimulated with an inflammatory stimulus (lipopolysaccharide (lPs)) in order to
mimic an inflammatory response. The ex-vivo lPs stimulus will elicit the production of in-
flammatory cytokines (Tnf-α, il-8 and il-10). moreover, the ability to adapt to the inflam-
matory stimulus was tested with a functional chemotaxis bioassay.
our experiments showed that tomato ketchup consumption effectively reduced Tnf-α pro-
duction and tended to reduce il-8 release. However, tomato ketchup did not alter il-10 re-
lease. The assessment of individual cytokines covers only a relatively small part of the
inflammatory response. interestingly, the effect of the tomato ketchup was relatively large
on monocyte migration, tested by means of a functional chemotaxis bioassay. This bioassay
reflects the interaction of all inflammatory mediators present in the volunteers blood with
monocytes, and was used to determine the effect of the tomato ketchup intervention on a
pivotal pathophysiological process, namely chemotaxis. The reduced chemotaxis after the in-
tervention indicated that tomato ketchup improves the ability of healthy volunteers to in-
crease their anti-inflammatory resistance. These findings suggest the health potential of
tomato ketchup.
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implications and further research
The studies demonstrate the antioxidant and anti-inflammatory potential of tomatoes and
tomato products. The studies also demonstrate some practical aspects for nutritional studies.
although much attention is given to lycopene, also α-tocopherol and ascorbic acid contribute
to the health effect of tomatoes and additive as well as synergistic interactions between
bioactive compounds were found. This means that to accurately assess the effect of nutrition,
research should not only focus on isolated bioactives but also on the whole food matrix in
which all bioactives are present.
The studies also illustrate that the effect of compounds is not due to a major effect on a
single target, it is rather achieved by a myriad of subtle effects on inter connected targets,
that combined can give a physiological relevant effect. The consequence is that the health
benefit is best studied in bioassays that integrate these processes. The studies show that the
chemotaxis assay suits this purpose and the results obtained with his bioassay nicely illustrate
the health potential of tomato ketchup.
The concept of health has been extende and now includes ‘the ability to adapt’. This concept
is difficult to evaluate, especially in healthy volunteers. an ex-vivo challenge with lPs proved
to be successful and demonstrated the increase in the ability to adapt by tomato ketchup.
since nutrition does not contain only one bioactive compound, but a wide variety, it would
be more realistic to study the effects of the whole food matrix in which all bioactives are in-
tegrated. interestingly, it is very common to consume tomatoes and tomato products mostly
in combination with other food products such as olive oil and onions that have the potency
to optimize the health benefits of tomatoes.
This thesis contributed to elucidate potential health benefits of tomatoes and tomato prod-
ucts, respectively. Based on the results obtained, several research questions for further re-
search come to mind:
• does enrichment of tomato ketchup and tomatoes with nutritional compounds from
other food products such as olive oil and onions enhance the anti-inflammatory potential?
• The bioavailability of lycopene is increased by the addition of (olive) oil. moreover,
olive oil contains the antioxidant hydroxytyrosol, which protects against ldl 
oxidations. 
• onions contain the bioactive compound quercetin, which has antioxidant and 
anti-inflammatory activities. 
• do tomato ketchup and tomatoes have a direct health benefit in patients with chronic
inflammatory diseases?
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• What is the interaction of bioactive compounds in tomatoes with medication used in
chronic inflammatory diseases (cVd, hypertension, cancer, osteoporosis)?
• What is the optimal tomato intake and what is the difference for different populations
e.g. children, adolescents, elderly, patients with chronic inflammatory diseases?
• are the anti-inflammatory benefits of tomato ketchup increased when the sugar 
content is reduced or substituted with sugar replacements?
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algemene discussie
chronische inflammatie is een gecompliceerd biologisch proces dat uit verschillende cellulaire
en sub-cellulaire reacties bestaat. Voorbeelden van dit soort processen en reacties zijn chemo-
taxie, cytokinen productie en gen-transcriptie. een belangrijke oorzaak van chronische inflam-
matie is de productie van reaktieve zuurstof deeltjes (Ros) die het omringende weefsel, cellen
en moleculen beschadigen. een voorbeeld van de schade die deze Ros kunnen aanrichten, is
de lipid peroxidatie van ldl. als gevolg van weefsel- of celschade, worden signaleringsmol-
eculen zoals het enzym proteïne kinase c (PKc) geactiveerd. PKc activeert op zijn beurt de
transcriptie factor nuclear factor-κ-B (nfκB). nfκB stimuleert de productie van pro-inflam-
matoire cytokinen zoals Tnf-α en il-8.
op de plaats van de ontsteking ontstaan hoge concentraties circulerende cytokinen die de
chemotaxie op gang brengen. Het chemotaxie proces wordt gereguleerd door een geïnte-
greerd netwerk van inflammatoire cellen. Tijdens dit proces worden monocyten gerekruteerd
naar de ontstekingshaard middels chemotactische factoren zoals il-8 en monocyte chemo-
tactic protein-1 (mcP-1) die door het endotheel op de binnenzijde van de bloedvatwand wor-
den afgegeven. op dit endotheel worden adhesie moleculen zoals inter cellular adhesion
molecule-1 (icam-1), vascular cell adhesion molecule-1 (Vcam-1) en e-selectin zichtbaar
gemaakt. deze adhesie moleculen vergemakkelijken de binding van monocyten aan het en-
dotheel, waarna de monocyten door de vaatwand van het endotheel migreren en differen-
tiëren tot.
chronische inflammatie kan de ontwikkeling van hart en vaatziekten (HVz), kanker en osteo-
porose tot gevolg hebben (hoofdstuk 2). Het is gebleken dat tomaten een bescherming bieden
tegen chronische inflammatoire aandoeningen. Het regelmatig eten van tomaten heeft een
verlagend effect op de bloeddruk en het ontstaan van arteriosclerose in dieren en mensen.
Bovendien heeft frequente consumptie van tomaten een positief effect op de botstructuur
van osteoporotische patiënten. daarnaast werd uit onderzoek bekend dat vooral de samen-
werking tussen de verschillende stoffen in tomaten een beschermend effect hebben tegen
de ontwikkeling van kanker. 
diverse studies hebben het gezondheidseffect van tomaten toegeschreven aan de grote var-
iëteit aan bioactieve stoffen, zoals carotenoïden, vitaminen en flavonoiden die tomaten be-
vatten (hoofdstuk 2). Veel wetenschappelijke studies hebben zich vooral gericht op de
effecten van geïsoleerde bioactive stoffen in tomaten. Van alle bioactieve stoffen komt de
carotenoid lycopeen het meest voor in tomaten. Vandaar dat er voornamelijk onderzoek is
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gedaan naar de effecten van lycopeen. aanvankelijk werden er antioxidant en anti-mutagene
effecten geobserveerd. Recentelijk werd duidelijk dat lycopeen ook een anti-inflammatoire
werking bleek te hebben. 
naast lycopeen zijn er ook andere belangrijke bioactive stoffen in tomaten, zoals de vitaminen
α-tocopherol en ascorbine zuur. Beide vitaminen zijn met name bekend vanwege de sterke
antioxidant werking. ook is bekend dat ascorbine zuur en α-tocopherol in-vitro bescherming
kunnen bieden tegen inflammatie. de beschermende werking van deze geïsoleerde bioactieve
stoffen wordt versterkt in het bijzijn van andere bioactieve stoffen dat leidt tot additieve en
synergistische interacties. een bekend voorbeeld is de synergistische samenwerking tussen
ascorbine zuur en α-tocopherol dat lipid peroxidatie zeer effectief remt. 
Tot op heden is er weinig kennis over de samenwerking tussen de belangrijkste bioactive stof-
fen in tomaten (lycopeen, ascorbine zuur en α-tocopherol). in hoofdstuk 3 werden de effecten
van lycopeen, ascorbine zuur en α-tocopherol, in geïsoleerde en gecombineerde vorm, op
lipid peroxidatie en inflammatie onderzocht. de geobserveerd synergistische werking tussen
ascorbine zuur en α-tocopherol bood een effectieve bescherming tegen lipid peroxidatie. Het
mechanisme berust op een directe chemische reactie waarbij elektronen worden doorgegeven
van de ene molecuul aan de andere. Hierbij vangt α-tocopherol de vrije radicalen weg die in
het cel membraan worden geproduceerd. dit wegvangen zorgt ervoor dat α-tocopherol geox-
ideerd wordt waarbij het α-tocopheroxyl radicaal ontstaat. Het α-tocopheroxyl radicaal wordt
gereduceerd door ascorbine zuur dat zich in de waterige fase bevindt.
Bioactieve stoffen bieden bescherming tegen op het ontstekingsproces door met name in te
werken op signaleringscascades en transcriptie factoren. daardoor zijn de samenwerkingsef-
fecten tussen de verschillende stoffen tijdens de inflammatie minder direct dan de effecten
gericht op het direct wegvangen van vrije radicalen zoals bij lipid peroxidatie. 
in hoofdstuk 3, werd ondermeer gevonden dat geïsoleerd lycopeen een sterke anti-inflammatoire
werking had, waarbij ascorbine zuur en α-tocopherol een minder sterk anti-inflammatoir effect
vertoonden. deze bevindingen indiceren dat lycopeen een zeer belangrijke rol speelt in de rem-
ming van ontstekingen, terwijl ascorbine zuur en α-tocopherol een aanmerkelijk beschermend
effect hebben tegen lipid peroxidatie. de effecten op beide processen zijn complementair aan
elkaar en tonen aan dat inflammatie op verschillende niveaus wordt geremd. 
Het ontstekingsproces bestaat uit verschillende inflammatoire fasen, waarbij de activatie van
de transcriptie factor nfκB een essentiële rol speelt. nfκB wordt geactiveerd wanneer het
gekoppelde remmings-eiwit, iκB, wordt gefosforyleerd door het enzym PKc. PKc bestaat uit
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verschillende isovormen. de PKc isovormen, α, βii en δ, reguleren vooral het neerwaartse
signaleringstraject dat leidt naar nfκB activatie. 
in hoofdstuk 4 werd het eventueel remmende effect van α-tocopherol en de carotenoïden
lycopeen, β-caroteen en luteïne, op de activiteit van PKc-α, βii en δ, onderzocht. α-Toco-
pherol remde PKc-α in overeenstemming met de bestaande literatuur. de resultaten van deze
studie toonden ook aan dat PKc-βii en PKc-δ werden geremd door α-tocopherol. daardoor
werd duidelijk dat α-tocopherol een veelzijdige rol heeft en op diverse manieren beschermt
tegen inflammaties. de carotenoïden lycopeen, luteïne en β-caroteen remden PKc-α, βii en
δ op een gelijksoortige manier als α-tocopherol. Het anti-inflammatoire effect van deze stof-
fen werd bevestigd door een verminderde PKc activiteit in gekweekte endotheel cellen. uit
dit onderzoek kwam naar voren dat het effect van α-tocopherol en de carotenoïden op PKc
activiteit samenvalt. dit duidt op een potentiële samenwerking van bioactieve stoffen, waar-
door effectieve bescherming geboden kan worden tegen nfκB activatie en dus inflammatoire
aandoeningen. 
in hoofdstuk 5 werd vervolgens het effect van tomaten ketchup op de verschillende inflam-
matoire processen in humane monocyt-endotheel-cel interacties bestudeerd. Tomaten
ketchup remde een eerste fase binnen het ontstekingsproces af door de gen-expressie van
iκB te remmen. iκB is een marker voor de transcriptie factor nfκB; wanneer de expressie
van iκB verlaagd is dan kan aangenomen worden dat ook de activatie van nfκB verlaagd is.
de verminderde activatie van nfκB werd bevestigd door een verlaagde gen-expressie en pro-
ductie van de pro-inflammatoire cytokinen Tnf-α en il-8, die beiden gereguleerd worden
door nfκB. de tomaten ketchup had een sterker effect op de productie van de anti-inflam-
matoire cytokine il-10 dan op de gen expressie van dit cytokine. dit suggereert dat tomaten
ketchup op verschillende manieren inwerkt op il-10. 
de productie van pro-inflammatoire cytokinen initieert het chemotaxie proces. Tomaten
ketchup bleek een sterk remmend effect te hebben op de expressie van de adhesie moleculen
e-selectin en icam-1 en op de migratie van monocyten door de vaatwand. uit de resultaten
kon geconcludeerd worden dat lycopeen een expliciet aandeel had in de anti-inflammatoire
werking van tomaten ketchup. de andere onderzochte stoffen, ascorbine zuur en α-toco-
pherol bleken het anti-inflammatoire effect van lycopeen zelfs te versterken. 
Het remmende effect van tomaten ketchup op de verschillende individuele inflammatoire
processen is subtiel. al deze processen komen samen in chemotaxie waarbij het remmende
effect van tomaten ketchup nog duidelijker zichtbaar word. Het veelzijdige effect van tomaten
ketchup kan effectieve bescherming bieden aan chronisch inflammatoire aandoeningen. 
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de resultaten van de studie uit hoofdstuk 5 vormden de basis voor een vervolg studie waarbij
het anti-inflammatoire effect van tomaten ketchup in de mens werd onderzocht. deze studie
wordt beschreven in hoofdstuk 6, waar gezonde vrijwilligers een maaltijd met tomaten
ketchup aten. Vervolgens werd er bloed bij deze vrijwilligers afgenomen dat ex-vivo werd
blootgesteld aan een inflammatoire stimulus (lipopolysaccharide (lPs)), en veroorzaakte de
productie van inflammatoire cytokinen zoals Tnf-α, il-8 and il-10. Tevens werd het aanpass-
ingsvermogen tegen externe stimuli van het lichaam onderzocht met een functionele chemo-
taxie test. de experimenten wezen uit dat de maaltijd met tomaten ketchup de productie
van Tnf-α in het bloed sterk verminderde en een neerwaartse trend werd geobserveerd voor
de productie van il-8. Tomaten ketchup had geen effect op de productie van il-10.
Het bestuderen van de productie van individuele cytokinen omvat maar een relatief klein deel
van het gehele inflammatoire proces. opvallend genoeg was het effect van tomaten ketchup
relatief groot op de migratie van monocyten of te wel het chemotaxie proces, dat bestudeerd
werd met de functionele chemotaxie test. dit bioassay weerspiegelde de interactie tussen
alle aanwezige inflammatoire cellen in het lPs gestimuleerde bloed van de vrijwilligers en
gekweekte monocyten. de afgenomen chemotaxie na de interventie toont aan dat een
maaltijd met tomaten ketchup het aanpassingsvermogen tegen externe stimuli van gezonde
vrijwilligers verbeterd, waardoor de afweer wordt vergroot. Hieruit kan worden geconcludeerd
dat tomaten ketchup een potentieel gezondheidseffect heeft. 
Hazewindus DEF_MOL 2012  11-09-12  10:48  Pagina 115
c
H
a
P
T
e
R
 7
1 1 6
Toekomstperspectieven 
de studies beschreven in deze thesis wijzen op de mogelijke antioxidant en anti-inflammatoire
effecten van tomaten en tomaat producten. Bovendien worden een aantal praktische as-
pecten voor voedingsgerelateerde studies beschreven. ondanks dat er veel aandacht is voor
de effecten van lycopeen, hebben ook ascorbine zuur en α-tocopherol een belangrijk aandeel
in het gezondheidseffect van tomaten, waarbij een combinatie van deze stoffen leidt niet
alleen tot additie maar zelfs tot een synergistische samenwerking. om nauwkeurig onderzoek
te doen naar de effecten van voeding zou het daarom beter zijn om niet alleen geïsoleerde
bioactieve stoffen te bestuderen maar om de gehele voedingsmatrix, waarin alle bioactieve
stoffen geïntegreerd zijn, te onderzoeken. 
Wat duidelijk naar voren komt uit de beschreven studies is dat de effecten van bioactieve
stoffen zijn niet gericht zijn op één target. de uitwerking van bioactieve stoffen vloeit voor-
namelijk voort uit diverse subtiele effecten die gericht zijn op verschillende onderling verbon-
den targets, wat leidt tot een fysiologisch relevant resultaat. dit heeft tot gevolg dat het
gezondheidseffect van bioactieve stoffen wellicht beter bestudeerd kan worden in bioassays
waarin fysiologiche processen geïntegreerd worden. Het gebruikte chemotaxie bioassay is
hier een mooi voorbeeld van en weerspiegeld een geïntegreerd ontstekingsproces waarbij het
gezondheidsbevorderend effect van tomaten ketchup helder zichtbaar wordt. 
Het begrip ‘gezondheid’ is een dynamisch concept dat recentelijk werd uitgebreid met het
‘aanpassingsvermogen van het lichaam’. ‘Gezondheid’ is een moeilijk te onderzoeken begrip,
vooral als zo’n onderzoek gezonde mensen includeerd. door het bloed van de gezonde vri-
jwilligers ex-vivo te stimuleren kon het lichamelijke aanpassingsvermogen, of te wel het begrip
gezondheid, in deze thesis onderzocht worden. Bovendien bleek dat een maaltijd met to-
maten ketchup het aanpassingsvermogen sterk verbeterde.
omdat voeding niet bestaat uit één bioactieve stof maar uit zeer veel verschillende stoffen,
zou het realistischer zijn om de effecten van een gehele voedingsmatrix waarin alle stoffen
geïntegreerd zijn, te bestuderen. Tomaten en tomaat producten worden vrijwel altijd in com-
binatie gegeten met andere producten zoals olijf olie of uien. Het is bekend dat olijf olie en
uien een beschermend effect bieden tegen chronisch inflammatoire aandoeningen, en kunnen
wellicht het gezondheidsbevorderende effect van tomaten kunnen optimaliseren. 
deze thesis draagt bij aan het verklaren van de potentiële gezondheidseffecten van tomaten
en tomaten producten. Gebaseerd op de resultaten van deze thesis kunnen er nog een aantal
punten geformuleerd worden voor toekomstig onderzoek: 
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• zou het verrijken van tomaten ketchup en tomaten met voedingsstoffen afkomstig van
andere producten zoals olijf olie of uien het anti-inflammatoire effect kunnen ver-
beteren?
• de bio-beschikbaarheid van lycopeen wordt vergroot door het toevoegen van (olijf)
olie). Boven - dien bevat olijf olie het antioxidant hydroxytyrosol dat beschermd
tegen ldl oxidatie
• uien bevatten de bioactieve stof quercetine dat een effectieve antioxidant en anti-
inflammatoire werking heeft. 
• Hebben tomaten ketchup en tomaten een direct gezondheidsvoordeel in patiënten die
lijden aan chronisch inflammatoire aandoeningen?
• Wat zou de interactie zijn tussen bioactieve stoffen in tomaten en medicatie die ge-
bruikt word ten behoeve van chronische inflammatoire aandoeningen (HVz, kanker, os-
teoporose)?
• Wat zou de optimale hoeveelheid tomaten zijn, en wat zou het verschil zijn tussen pop-
ulaties (kinderen, adolescenten, ouderen, patiënten met chronisch inflammatoire aan-
doeningen)?
• zou het anti-inflammatoire voordeel dat tomaten ketchup heeft versterkt kunnen wor-
den wanneer de huidige hoeveelheid suiker gereduceerd wordt of vervangen wordt
door een suiker surrogaat.
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Curriculum vitea
merel Hazewindus was born on october the 15th 1974 in Reimerswaal. she switched her career
as self-employed manager in 2004 to study Health sciences at the university of maastricht.
in 2007 she graduated ‘With merit’ in the Bachelors Bio-regulation and movement sciences.
in 2008, she concluded the master metabolism, nutrition and Physical activity with ‘cum
laude’. during her master, she studied human energy metabolism and gluconeogenesis after
a protein rich diet in human volunteers and the differentiation of human fat cells and fat cell
metabolism at the department of Human Biology at the university of maastricht. at the
same university at the department of Toxicology, she studied the effect of flavonoids on
PaRP-1 activation, topoisomerase ii and dna repair. in 2008 she was awarded as Top 3% stu-
dent of the university of maastricht and won the unilever Research Prize. from 2008 to 2012,
she has been working on her Phd project ‘Tomatoes as functional foods’ at the department
of Toxicology at the university of maastricht. The project was in cooperation with the J.c.
Heinz company. during that period, she obtained her graduated as a european Toxicologist
at the Postgraduate education in Toxicology in Wageningen. 
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quelqu'un me demandecomment je conçois la viesurtout par ces temps-ci
je lui répondsje ne peux que la voir en rose
quelqu'un me demandesi je la perçois encore ainsihors de mon paradis
je lui dis pour moi la viec'est de la prose
prendre le temps me faire des illusions croire dans le bonflâner dans les champsappelle-moi naïve
ne pas juger vite tresser des margueritesrefuser d'êtresur le qui-viveappelle-moi naïve
tu me regardes, t'approches de moiquand tu me prends dans tes brasta voix..., tes lèvres sur les miennes, tu osesje vois la vie en rose
ne pas juger vitetresser des margueritesrefuser d'êtresur le qui-viveappelle-moi naïve……appelle-moi naïve
a X e l l e  R e d
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Dankwoord
Pffff het zit erop!!!! de afgelopen 4 jaar zijn niet zonder slag of stoot gegaan. Vooral het niet
‘thuis’ kunnen zijn bij Rob en mijn hondjes in de prachtige bosrijke omgeving bij antwerpen,
heeft er ingehakt. ondanks dat ben ik eindelijk tot inzicht gekomen dat wat ìk heb gedaan
uitzonderlijk is. dit is te danken aan mijn enorme drive en ambitie. en ik kan nu zeggen: ‘ik
kan het!’. ondanks mijn eigen inzet had ik dit niet kunnen doen zonder de steun van een grote
groep mensen rondom mijn ‘thuis’ en in maastricht.
Vooral jij Rob, ja jongen ik benoem jou als eerste want zonder jou had ik helemaal geen doctor
kunnen worden. Jij hebt alTiJd in mij geloofd, zelfs als ik er zelf niet meer in geloofde. Je hebt
me gesteund, aangemoedigd en getroost, wat ervoor gezorgd heeft dat ik dan toch maar
weer op maandagochtend in de auto stapte met mijn koffertje om op donderdagavond weer
terug te keren. Je bewaakte mijn rust en zorgde ervoor dat ik de afgelopen 4 jaar als een prin-
sesje heb kunnen leven. iedere keer wanneer ik liet zien waar ik mee bezig was zag ik dat je
groeide van trots ondanks dat je er geen bal van snapte. Woorden schieten eigenlijk te kort...
Thank you
If the sun refused to shine, I would still be loving you.
when mountains crumble to the sea, there would still be you and me.
Kind man, I give you my all, Kind man, nothing more.
Little drops of rain whisper of the pain, tears of loves lost in the days gone by.
Our love is strong, with you there is no wrong,
together we shall go until we die. My, my, my.
Inspiration’s what you are to me, inspiration, look... see.
And so today, my world it smiles, your hand in mine, we walk the miles,
Thanks to you it will be done, for you to me are the only one.
Happiness, no more be sad, happiness... I’m glad.
If the sun refused to shine, I would still be loving you.
If the mountains should crumble to the sea, there would still be you and me.
Led Zeppelin
Papa, jij volgt je schoonzoon op in deze dankbetuiging. Het is eigenlijk aan jouw pessimisme
te danken dat ik zo’n enorm doorzettingsvermogen heb ontwikkeld. ik herinner me je gezicht
nog en je twijfeling toen ik enthousiast vertelde dat ik ging studeren en de zaak ging verkopen.
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ik wilde je laten zien dat ik het kon en dat failure not an option was (zie ook mam-rita). Toen
ik cum-laude afstudeerde en direct aan de slag kon als aio viel je naast je stoel van trots.
Toen wist ik: yes yes yes!! Daddies little girl has done it!!
speciaal voor jou:
Cause if it wasn’t for all that you tried to do,
I wouldn’t know just how capable I am to pull through
So I wanna say thank you
‘cause it
Makes me that much stronger
Makes me work a little bit harder
Makes me that much wiser
So thanks for making me a fighter
Made me learn a little bit faster
Made my skin a little bit thicker
Makes me that much smarter
So thanks for making me a fighter
Christina Aguilera
maar ook jij Rita, of liever mam-rita, jij bent net als Rob: jij had er alle vertrouwen in dat me
dit ging lukken. dat failure not an option was wist jij al, weet je nog de tas die je voor me mee-
nam uit florida?? de gesprekjes met jou over het wel en wee als aio, de wetenschap en de
toekomst, opende vaak mijn starre blik. daarom uit mijn hart voor jou:
She used to be my only enemy and never let me be free 
Catching me in places that I knew I shouldn’t be 
Every other day I crossed the line 
I didn’t mean to be so bad 
I never thought you would 
Become the friend I never had 
Back then I didn’t know why 
Why you were misunderstood (Mama) 
So now I see through your eyes 
All that you did was love 
Mama I love you, Mama I care 
Mama I love you, Mama my friend 
You’re my friend 
I didn’t want to hear it then but 
I’m not ashamed to say it now 
Every little thing you said and did was right for me 
I had a lot of time to think about 
About the way I used to be 
Never had a sense of my responsibility 
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Back then I didn’t know why 
Why you were misunderstood 
So now I see through your eyes 
All that you did was love
The Spice Girls
Belindaatje mijn grote lange lieve vriendin!! en Ray natuurlijk, mijn lieve kleine vriend! Wat
ben ik blij dat jullie deel uitmaken van ons leven. de heerlijke marathon-onzin-sms-jes en de
cocktail avondjes met eigen gemaakte pizza’s, en de diepzinnige gesprekken over eigenlijk
niks, zijn uitermate belangrijk voor mijn gemoedstoestand (geweest). Jullie aanwezigheid op
de achtergrond heeft er voor gezorgd dat ik dingen kon relativeren tijdens de afgelopen jaren.
en Ray, jij hebt mijn ondernemerszin weer doen opbloeien. de onderstaande geweldige song-
tekst geldt dan ook voor jullie!
hoeba hoeba hoeba hop hop hop
hoeba hoeba hoeba hop hop hop
hoeba hoeba hoeba hop hop hop
hoeba hoeba hoeba hop
Wij zijn twee vrienden
jij en ik
twee dikke vrienden
jij en ik
wij blijven altijd bij elkaar
al worden we meer dan honderd jaar
wij blijven vrienden
tot onze laatste snik.
Danny Christian
suzanne, jou wil ik bedanken voor het je creatieve inzet bij het ontwikkelen van dit boekje.
Het is precies zoals het moest worden.
adri en nelly, als jullie er niet waren geweest, waren de dingen thuis soms niet te organiseren.
altijd konden/kunnen we op jullie rekenen wat onze hondjes betreft. of toen ik nog met de
saab naar maastricht reed en het weer eens niet deed, kon ik met jullie auto rijden. 
Peetje, mijn lieve lieve buuf. ik weet dat je je regelmatig ongerust maakte over mij. in plaats
van aan te bellen of over de schutting te roepen kreeg ik dan een mailtje of een sms waarin
stond: Werk je niet te hard lieve buuf?? ik zie je zo weinig ... kom je snel weer es koffie drinken?
ondanks dat ik ons contact met grote regelmaat verwaarloosde heb je er altijd begrip voor
gehad, dank je.
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ook wil ik verder alle mannen van de Basf en hun aanhang bedanken. misschien niet eens
voor mezelf, maar vooral voor Rob. 
lieve cath en eric, ik ben blij dat jullie hier deel van uit kunnen maken. Je kleine zusje heeft
het toch maar even gedaan!
Verder bedank ik alle mensen die hier niet aan bod zijn gekomen voor hun back-up en steun:
een dikke thanx!!
dan kom ik aan bij mijn maastrichtse leven. 
Wimmie en erik ... tja wat valt er te zeggen ... :d mijn paranimfen! ik ben zo blij dat jullie mij
helpen en steunen (hopelijk niet teveel in de letterlijke zin van het woord op de dag des oor-
deels). Twee sterke mannen, alhoewel ... hahaha. Wim, bedankt man, als ik weer es op face-
book riep dat ik het niet meer zag zitten dan kwam er gelijk een bericht: komt goed. en erik,
we moeten dat echt eens serieus gaan bekijken hoor met die steriele epjes. 
esthertje, ik zal je missen, en ik mis je eigenlijk al. We hebben heel veel gelachen; je bent de
helium ballon vast nog niet vergeten!! ik hoop dat ik de belofte kan waarmaken dat ik of jou
kant op kom of dat jullie onze kant opkomen! 
en dan Hilde, sorry dat je jezelf hier pas tegen komt, maar dat betekent niet dat je minder be-
langrijk bent! net als ik behoorde jij ook tot de ‘harde kern’ if you know what I mean ... ik heb
enorm veel steun aan je gehad. ik ben blij dat je mijn reserve paranimf wilt zijn. als ik vragen
had, dan kon je die beantwoorden. en ik moet zeggen dat ik goed gekeken heb naar de lay-out
van jouw boekje, ook zo’n meesterwerk. ik hoop dat we ons contact kunnen behouden.
Jiska, mijn lieve kamergenootje. ik hoop voor jou dat je niet te lang alleen zit, want ik heb je
vaker alleen laten zitten. sinds ik thuis aan het boekje heb gewerkt heb ik je wel gemist hoor,
onze small talk die af en toe behoorlijk lang en diepzinnig konden worden. ik ben erg benieuwd
wat de toekomst jou gaat brengen.
agnes, dank voor alle steun en peptalk die je me hebt gegeven. dit geldt trouwens ook voor
els. els ik zal nooit vergeten dat je me een aantal keren hele goede raad hebt gegeven. Jammer
dat ik maar zo kort heb gewerkt met jullie beiden. 
Rogerke, de geboren organisator en gangmaker! ik weet nog de dag dat ik begon bij Tox. Jij
was eigenlijk de eerste die me een beetje op mijn gemak stelde. en als ik nu de gang in loop
en je ziet me is het eerste wat ik hoor: meRelTJe!!! ik had nooit gedacht dat we samen het
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lab op zouden gaan, maar toch, pas in mijn laatste jaar! dat hadden we veel eerder moeten
doen, toen werd het pas leuk. maar ook naast het werk moet ik je een warm hart toedragen.
Je bent altijd de gangmaker tijdens de etentjes, uitjes en borrels. en dat niet alleen, ook met
serieuzere dingen kon ik bij je terecht, wat ik heel fijn vond. dank je, dank je.
Kristien, net als ik een festival fan, alleen dan een iets ander genre. Jij kunt het ook! echt, daar
ben ik van overtuigd. max, hèhèhèhè mijn boekje is lekker eerder klaar dan dat van jou. Jouw
technische kennis wat i-phone betreft zal ik nooit vergeten J. Bregje, ik hoop dat je je rijbewijs
haalt voor je gepromoveerd bent J maar dat moet lukken, anders zullen we wel eens een extra
les in de mini inlassen. Joy, ik heb ze nog steeds hoor de toffe adidas sneakers, heb je al ge-
keken op mi adidas, kun je ze helemaal naar je zin customizen. Gert-Jan, net als ik een sport-
fanaat (of is dat nu weer te overdreven? niet in mijn geval). danielle, mijn buurvrouw, ik ben
blij dat je altijd het geduld hebt gehad om me iets uit te leggen. Grote dank aan jullie allen.
agnieska, i hope the following is translated in good order, otherwise i’ll hope you will get the
message. szanowni Państwo agnieska, chcę podziękować za konwersacji inspirującym, cies-
zyć się papieros. mam nadzieję, że możemy nadal można przechowywać kontakt, zawsze za-
praszamy do nas.
ook wil ik graag iedereen van de beoordelingscommissie bedanken voor het lezen en beoor-
delen van dit proefschrift.
Verder wil ik akke bedanken voor alle secretariële zaken gedurende de afgelopen jaren. en
marie claire natuurlijk: jij hebt me zo geholpen bij het maken van brieven en afspraken die
nodig waren voor de beoordeling en de verdediging van dit proefschrift. natuurlijk wil ik jullie
ook bedanken voor alle persoonlijke interesse in mij. 
en dan kom ik aan bij het team dat een groot aandeel heeft in de ontwikkeling van de inhoud
van dit boekje en het succesvol afronden van dit project. 
ik wil graag dick van olderen, anna maria Hilbers, machteld van lieshout en ida marie laquatra
van J.c. Heinz bedanken voor het tot stand komen van dit proefschrift. Het was een erg pret-
tige samenwerking. 
antje, ik weet dat onze samenwerking niet altijd even vlot verliep, wat waarschijnlijk kwam
door onze totaal verschillende persoonlijkheden en opvattingen. Jouw perfectionisme heeft
mij doen inzien dat mijn perfectionisme eigenlijk niets voorstelt. achteraf moet ik zeggen dat
ik veel van je heb geleerd. zonder jouw kritische opmerkingen en ideeën had dit boekje er
vast heel anders uitgezien. 
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Guido, er gaan nu een heleboel dingen door mijn hoofd die ik maar beter niet in dit proefschrift
kan zetten hahahaha. maar ik als ik aan jou denk, zie ik in grote letters GRaTis. dat geeft aan
dat we wel een hele leuke samenwerking hebben gehad. ik heb eigenlijk nooit gedacht: pff
wat een zeur, of, grrr daar gaan we weer. ondanks dat ik voor de drie duizendste keer iets
mailde en het weer moest aanpassen. ik heb bewondering voor de manier waarop je mijn her-
sens prikkelde en me nieuwsgierig maakte. dit heeft me enorm gemotiveerd. ik heb buiten-
gewoon veel van je geleerd, niet alleen over het bedrijven van wetenschap, maar ook over
algemene zaken.
Professor aalt Bast, (nu moet ik eigenlijk ‘u’ gaan zeggen) het is zover, ik ben nu doctor merel
Hazewindus. ik denk dat je als promovendus haast geen fijnere promotor kunt treffen als jij.
ik wil je bedanken voor je support en je sturing op de momenten dat ik het even niet meer
wist. dankzij jou ben ik van een wetenschappelijke puber gegroeid naar een wetenschappelijke
adolescent. ik zal nog vaak gaan terug denken aan de vele fijne gesprekken en niet te vergeten
de vele grappen die gemaakt werden tijdens de wbs-sen. 
natuurlijk ben ik mensen vergeten te benoemen, mocht je je aangesproken voelen, bedenk
dan dat je me hier altijd op kunt wijzen. ik kan helaas je naam niet meer toevoegen in het
dankwoord. sorry daarvoor.
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I am a giant
I am an eagle 
I am a lion
Down in the jungle
I am a marchin band
I am the people 
I am a helpin hand..
I am a hero
If anybody asks u who I am
Just stand up tall
Look em in the face and say
I'm that star up in the sky
I'm that mountain peak up high
Hey I made it
I'm the world's greatest
And I'm that little bit of hope
When my backs against the ropes
I can feel it
I'm the world's greatest
I the ring of life, I'll rein love
And the world will notice a king 
When all is darkest I'll shine a light
And you'll use the success you'll find in me
R .  K e l lY
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